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The first line of medical defense in wartime is the combat 
medic. Although in ancient times medics carried the caduceus 
into battle to signify the neutral, humanitarian nature of 
their tasks, they have never been immune to the perils of 
war. They have made the highest sacrifices to save the lives 
of others, and their dedication to the wounded soldier is 
the foundation of military medical care. 




Textbooks of Military Medicine 


Published by the 

Office of The Surgeon General 
Department of the Army, United States of America 

Editor in Chief and Director 
Dave E. Lounsbury, MD, FACP 
Colonel, MC, US Army 
Borden Institute 
Assistant Professor of Medicine 
F. Edward Hebert School of Medicine 
Uniformed Services University of the Health Sciences 


Military Medical Editor 
Ronald F. Bellamy, MD 
Colonel, US Army, Retired 
Borden Institute 

Associate Professor of Military Medicine 
Associate Professor of Surgery 
F. Edward Hebert School of Medicine 
Uniformed Services University of the Health Sciences 


The TMM Series 


Published Textbooks 

Medical Consequences of Nuclear Warfare (1989) 

Conventional Warfare: Ballistic, Blast, and Burn 
Injuries (1991) 

Occupational Health: The Soldier and the Industrial 
Base (1993) 

Military Dermatology (1994) 

Military Psychiatry: Preparing in Peace for War (1994) 

Anesthesia and Perioperative Care of the Combat 
Casualty (1995) 

War Psychiatry (1995) 

Medical Aspects of Chemical and Biological Warfare 
(1997) 

Rehabilitation of the Injured Soldier, Volume 1 (1998) 

Rehabilitation of the Injured Soldier, Volume 2 (1999) 

Medical Aspects of Harsh Environments, Volume 1 

( 2002 ) 

Medical Aspects of Harsh Environments, Volume 2 

( 2002 ) 

Ophthalmic Care of the Combat Casualty (2003) 

Military Medical Ethics, Volume 1 (2003) 

Military Medical Ethics, Volume 2 (2003) 

Military Preventive Medicine: Mobilization and 
Deployment, Volume 1 (2003) 

Military Preventive Medicine: Mobilization and 
Deployment, Volume 2 (2005) 













Deploying a healthy force at any time to any part of the world requires comprehensive and coordinated preventive 
medicine services. The challenges and the achievements of military preventive medicine in the US Armed Forces are 
embodied by these soldiers crossing a river in Haiti in 1995. They represent a carefully screened cadre of young 
Americans who enter military service and benefit from a scientifically sound program to reduce the threat of infectious 
diseases and injuries during basic training and deployment. When deployed to a harsh environment such as this one, 
they are prepared for potential hazardous exposures—infectious diseases, climatic extremes, chemical and nuclear 
exposures, and mental stressors—by military preventive medicine professionals. Military medical research and 
development provides their commanders with effective countermeasures. Their health is monitored to detect events 
that threaten individual health and operational effectiveness both in the field and in garrison. Military preventive 
medicine has always been a fundamental factor for ensuring operational success, but as US military doctrine shifts to 
emphasize rapid and relatively smaller deployments of forces accompanied by small medical elements, the preventive 
medicine mission takes on a new urgency. 
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Foreword 


It has been over 60 years since George Dunham wrote the last major US textbook on military 
preventive medicine. Both then and now, the mission of military preventive medicine has been to 
preserve the fighting strength through population-based methods of disease and injury avoidance. A 
comparison, however, of the tables of contents of Dunham's textbook and this one. Military Preventive 
Medicine: Mobilization and Deployment, illustrates that the scope of military preventive medicine has 
grown tremendously. This reflects changes in US warfighting doctrine, the expansion of the US 
military's role in operations other than war, the emergence of new disease and injury threats, and the 
changing demographics of our warfighters. 

US military doctrine is increasingly focused on rapid deployment of lighter units that (1) are more 
widely dispersed on the battle space and (2) achieve advantages through information, tactical, and 
strategic dominance. Future military engagements will often evolve rapidly and put a premium on 
conserving scarce, highly trained, human resources. Central to the conservation of human resources are 
the needs for knowledgeable leadership, an understanding of the lessons of past conflicts, and 
systematic estimates of the medical threat prior to exposure; this new volume in the Textbooks of Military 
Medicine series reflects these needs. In a force drawn from a finite pool of volunteers, it is critical to have 
balanced accession standards and to do minimal damage while realistically training recruits. The 
growing interest of women in military service has not only increased the pool of much-needed talent but 
has also necessitated that approaches to prevention of training injuries and health maintenance be 
reevaluated to ensure that they reflect the needs of all service members. 

Unlike 50 years ago, our forces are now expected to be able to move within hours from the US to the 
battlefield and arrive ready to fight. Although warfare is obviously dangerous, the risk of disease and 
nonbattle injury on the battlefield has often been underappreciated—along with the potential of 
countermeasures to mitigate that risk. This morbidity is appreciated increasingly as not just physical but 
also psychological. In Dunham's era, war-associated syndromes, nuclear and biological warfare, and 
emerging infections such as drug-resistant malaria, hepatitis C, and acquired immunodeficiency 
syndrome were not the threats that they are today. The requirement to conduct continuous surveillance 
for disease and nonbattle injury before, during, and after deployment speaks to the high investment that 
our military has in each service member and of their individual importance to military success. 

In the post-Cold War era, the US military has been called on increasingly to assist with operations 
other than war including not only peacekeeping operations but also humanitarian assistance opera¬ 
tions. In many of these operations, military preventive medicine is at the tip of the spear. Thus it is critical 
that all military medical personnel have an appreciation for the challenges posed by natural and 
manmade disasters, by large numbers of displaced persons, and for the different roles we may be called 
on to fill. 

Military Preventive Medicine: Mobilization and Deployment reflects the evolution of preventive 
medicine in the military from its traditional focus on field hygiene and infectious disease control to 
encompassing the wide range of threats and scenarios associated with modern military service. There 
are many lessons to be learned from the textbook's emphasis on history and the military relevance of 
the conditions covered. However, the essence of this volume, like the practice of military preventive 
medicine, is timeless: our nation's greatness is reflected in our comprehensive care of those who serve. 
Preventive medicine of the highest quality is just recognition for their sacrifices and those of their 
families and communities. It is also a cornerstone to our military readiness. I hope that this textbook will 
help illuminate the path for those dedicated to pursuing that vision. 


Lieutenant General Kevin C. Kiley, M.D. 

The Surgeon General 
US Army 

Washington, DC 
September 2005 
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Preface 


Force health protection, although often a loosely defined focus of military medical departments in the 
past, has in the aftermath of the Persian Gulf War received especially explicit, thorough, and vigorous 
emphasis within the US Department of Defense. The overall US national military strategy at the turn of 
the millennium is to "shape, prepare, and respond" to potential national security threats around the 
world. As is noted in the Department of Defense's Doctrine for Health Service Support in Joint Operations, 
force health protection has three corresponding functions: to shape a healthy and fit force, to prevent 
casualties through proper preparation of personnel, and to respond to casualties when they occur. 
Preventive Medicine is inherently central to developing a healthy and fit force and in keeping the force 
healthy through mobilization and deployment—even into the postdeployment phase. This is more critical 
than ever in light of a shrinking medical footprint and the need to provide immediate casualty care on the 
modern, rapidly mobile battlefield. Even once casualties occur. Preventive Medicine has an important 
tertiary prevention role that must be vigorously pursued if service members are to be successfully 
rehabilitated and avoid having their relatively manageable physical or mental problems evolve into long¬ 
term disabilities. 

Force health protection is not only beneficial to the individual but also essential to unit readiness and 
performance. Contemporary military operations, whether in training, on the battlefield, or in the conduct 
of operations other than war, place units under the threat of an ever-widening array of biological, physical, 
and mental stressors. The mitigation of these requires military Preventive Medicine professionals to be 
familiar with a broad array of disciplines and to provide cohesive leadership and sound advice up and 
down the chain of command. This textbook aims to provide enabling insights with respect to these 
scientific, administrative, and leadership challenges. 

The challenges of military Preventive Medicine are becoming ever more complex but are also very old. 
The solutions in many cases are well documented but often forgotten. In 1827, John Macculloch wrote 
prophetically that 

it would seem, as if fatal, that the wisdom and experience of one generation should be forgotten by the 

next, that peace should extirpate the knowledge that had been gained in war. 1 

In 2003, Preventive Medicine: Mobilization and Deployment emphasizes these often-forgotten lessons of the 
past and it also provides a comprehensive approach to protecting the force in the current context of the 
US military's global security mission. We, as military medical professionals, must understand this 
approach to be well prepared for responding to this mission in a focused, competent, and compassionate 
manner. Our great nation and its sons and daughters who volunteer to take on its most arduous burdens 
have ever-rising expectations of military Preventive Medicine. At their peril, we ignore the lessons at our 
fingertips. 


Patrick W. Kelley 
Colonel, Medical Corps, U.S. Army (Retired) 
Director, Board on Global Health 
Institute of Medicine 
National Academy of Sciences 


Washington, DC 
September 2005 


1. Maculloch J. Malaria: An essay on the production and propagation of this poison and on the nature and localities of the 
places by which it is produced: With an enumeration of the diseases caused by it, and to the means of preventing or 
diminishing them, both at home and in the naval and military service. London, England: Longman & Co; 1827. 
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The current medical system to support the U.S. Army at war is a 
continuum from the forward line of troops through the continen¬ 
tal United States; it serves as a primary source of trained replace¬ 
ments during the early stages of a major conflict. The system is 
designed to optimize the return to duty of the maximum number 
of trained combat soldiers at the lowest possible echelon. Far- 
forward stabilization helps to maintain the physiology of injured 
soldiers who are unlikely to return to duty and allows for their 
rapid evacuation from the battlefield without needless sacrifice 
of life or function. 





MILITARY PREVENTIVE MEDICINE: 
MOBILIZATION AND DEPLOYMENT 

Volume 2 

Section 5: Epidemiology in the Field 



Robert Thom 


The Conquest of Yellow Fever 


1963 


The US Army Yellow Fever Board was established to discover the etiology of yellow fever. In Cuba in 1900, the Board 
completed a series of classic experiments that showed the role of the mosquito in yellow fever transmission. Attending 
Private John Kissinger, who volunteered to be infected with yellow fever, are (from left) Major William C. Gorgas, the 
sanitation officer for Havana who would go on to rid Havana of yellow fever; Contract Surgeon Dr. Aristides 
Agramonte; Dr. Carlos J. Finlay, a Cuban physician and an early believer in the mosquito's role in yellow fever; 
Contract Surgeon Dr. James Carroll; and Major Walter Reed, the president of the Yellow Fever Board. Missing from 
this painting is Dr. Jesse Lazear, also a member of the Board, who contracted yellow fever while conducting 
experiments and died. 


Art: Courtesy of Pfizer Inc.; 235 E 42nd St.; New York, NY 10017-5755 
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INTRODUCTION 


In recent years, a great deal of emphasis has been 
placed on the concept of Force Health Protection 
(FHP). 1,2 Under current doctrine, commanders at all 
levels are expected to maximize readiness by tak¬ 
ing every reasonable measure to protect their per¬ 
sonnel from health threats. This includes protection 
not only from hostile fire, but also from disease and 
nonbattle injury (DNBI). Whether in combat situa¬ 
tions or in routine training, losses from DNBI have 
often had a tremendous impact on unit effective¬ 
ness. Ironically, most DNBIs are preventable 
through basic measures such as immunization, field 
sanitation, protection of food and water sources, 
personal protection measures, and an emphasis on 
safety. Although these measures are not new, com¬ 
mand failure to implement them has become in¬ 
creasingly unacceptable under FHP. 

Operational medical personnel have traditionally 
been responsible for providing line commanders 
with recommendations for preventive measures. In 
effect, medical personnel establish the blueprint for 
much of FHP. In addition to this advice, medical 
personnel also provide technical assistance in 
implementing specific FHP measures. This might 
include such things as designing and engineering 
appropriate field latrines, inspecting field dining 
facilities, and training personnel to use protective 
measures against biting insects. 

Beyond these traditional roles of advising and 
assisting, operational medical personnel are in a 
unique position to provide commanders with a tre¬ 
mendously powerful tool in FHP—an outcome 
measure. By collecting and analyzing key data on 
DNBI, medical personnel can objectively determine 
how well the FHP program is working. If DNBI 
rates are high, this may indicate a breakdown in 
preventive measures. High rates may also be the 
first clue to an unanticipated disease threat for 
which no countermeasures were mounted. The abil¬ 
ity to rapidly troubleshoot the FHP program, iden¬ 
tify deficiencies, and take corrective action can make 
the difference between mission success and failure. 

This type of health outcomes monitoring is known 
as surveillance and has long been a cornerstone of 
public health. The Centers for Disease Control and 
Prevention defines surveillance as the ongoing, sys¬ 
tematic collection, analysis, and interpretation of 
health data essential to the planning, implementation, 
and evaluation of public health practice, closely 
integrated with the timely dissemination of these 
data to those who need to know. The final link of 
the surveillance chain is the application of these 


data to prevention and control. 3 

Surveillance has been described as a cycle con¬ 
sisting of 4 steps: data collection, analysis, feedback, 
and action (Figure 31-1). 4 The whole point of surveil¬ 
lance is taking corrective action to control disease 
or injury. In a military context, controlling disease 
and injury is the essence of preserving the fighting 
strength—the primary focus of military medicine. 
DNBI surveillance is therefore an essential compo¬ 
nent of military medicine and central to an effec¬ 
tive FHP program. A formalized, unit-level DNBI 
surveillance system has recently been mandated for 
deployed military units. 1,2,5 

DNBI rates in a unit are the military medical 
equivalent of vital signs for an individual patient. 
For the clinician, vital signs provide a quick initial 
assessment of the patient's overall condition. Abnor¬ 
mal vital signs do not, by themselves, lead to specific 
diagnoses, but they may be an important clue point¬ 
ing to a serious problem. Recognizing this clue may 
stimulate and focus a more detailed clinical evalu¬ 
ation, leading ultimately to specific interventions. 

In military medicine, the "patient" is an entire 
population, typically an operational unit. DNBI 
rates (eg, diarrhea or heat injury rates) are key in¬ 
dicators of unit health, and abnormally high rates 
indicate a threat to a unit's readiness. When DNBI 
rates are collected, analyzed, disseminated, and 
acted on, threats can be identified and countered 
early and the health of the force can be better pro¬ 
tected. Continued monitoring of rates will indicate 
whether the corrective action has been effective, just 
as a patient's vital signs indicate changes in his or 
her condition. 



Data collection 



ACTION Analysis 



Fig. 31-1. Surveillance is actually a continuous cycle be¬ 
ginning with data collection. Data are continuously ana¬ 
lyzed to identify problems. Feedback from this analysis 
must be given to decision makers and to the collectors of 
the data so that appropriate action can be taken to cor¬ 
rect the problem—action is the focus of the entire sys¬ 
tem. Data are then collected to measure the effectiveness 
of the remedying actions. 
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DNBI SURVEILLANCE AND COMMAND EMPHASIS 


One of the fundamental precepts of operational 
medicine is that the commanding officer prevents 
most DNBI. As General Slim observed during World 
War II after his force was almost decimated by ma¬ 
laria in Southeast Asia, "Good doctors are of no use 
without good discipline. More than half the battle 
against disease is fought not by medical officers, but 
by regimental officers." 6pl80 Medical recommenda¬ 
tions, no matter how sound, do not keep unit person¬ 
nel from becoming sick. Successful DNBI prevention 
requires unit leaders who enforce the implementation 
of specific measures. Command emphasis is the key 
factor, one that General Slim recognized. 

Command emphasis can be dramatically influ¬ 
enced by objective data. In the world of military op¬ 


erations, where resources are often highly constrained, 
preventive medicine (PM) recommendations must 
compete with many other priorities for command at¬ 
tention. Before supporting or emphasizing a specific 
measure, commanders must be persuaded with con¬ 
vincing evidence that it will directly contribute to FHP 
and operational effectiveness. DNBI surveillance pro¬ 
vides exactly this type of evidence. If sound PM rec¬ 
ommendations are not being followed, due to lack of 
command emphasis or any other reason, excessively 
high DNBI rates will be the measurable result. When 
they are backed by hard, objective surveillance data 
on the outcome, PM recommendations are far more 
convincing to a commander and are likely to receive 
the necessary command emphasis. 


PRACTICAL ASPECTS OF AN OPERATIONAL DNBI SURVEILLANCE SYSTEM 


The currently mandated operational DNBI surveil¬ 
lance system is a powerful tool for FHP. It provides 
simplified, uniform data collection and organiza¬ 
tion at all units, basic unit-level analysis, rapid 
transfer of information up the chain of command 
to appropriate PM organizations, focused PM in¬ 
vestigation and intervention, and usable feedback 
from PM down the chain of command. It is the first 
line of defense against DNBI. Figure 31-2 summarizes 


the key features of optimal surveillance informa¬ 
tion flow. 

Background—The Medical Infrastructure in an 
Operational Environment 

The need for DNBI prevention is most pro¬ 
nounced when units are facing significant medical 
threats, usually during deployment or field opera- 


Battalion or squadron 


Battalion or squadron 


Battalion or squadron 


Battalion or squadron 


Battalion or squadron 


Battalion or squadron 





Analysis of DNBI 
rates at unit level 


Analysis of DNBI rates 
of supported units, 
direct support as needed 


Periodic force-wide 
feedback via 
command channels 


Fig. 31-2. Surveillance information flows up the chain of command and feedback flows back down that chain. The 
information is gathered at the battalion or squadron level and sent to the supporting preventive medicine unit, which 
sends information up to the major command level and also supplies feedback to the battalion or squadron. Analysis 
of the rates of disease and nonbattle injury take place at all three levels. 

DNBI: disease nonbattle injury 


710 






















Disease and Nonbattle Injury Surveillance: Outcome Measure for Force Health Protection 


tions. The medical infrastructure of deployable mili¬ 
tary units is particularly well-suited for conduct¬ 
ing DNBI surveillance. A brief general description 
of this infrastructure is necessary for a discussion 
of the practical aspects of DNBI surveillance. 

Although field medical treatment capabilities are 
constantly evolving, operational units such as ships, 
squadrons, or battalions usually provide their own 
primary medical care (ie, sick call) within the unit. 
Typically, units have a cadre of corpsmen or medics 
led by a medical officer or senior enlisted medical 
technician. Virtually all of the medical complaints 
arising in a particular unit will be evaluated locally, 
and most patients can be returned directly to duty. 
Diagnoses are generally recorded in a log of some 
type. It is important to note that the unit's senior 
medical representative also acts as a special adviser 
to the commander on all medical matters, includ¬ 
ing FHP. 

Patients requiring care beyond the primary unit 
level are referred to supporting medical treatment 
facilities. Most serious illness or injury will require 
referral. Depending on their specific configurations, 
these supporting facilities can provide necessary 
outpatient specialty consultation, laboratory diag¬ 
nostics, roentgenograms, and inpatient treatment. 
Patients who can be returned to duty are treated 
and sent back to the unit primary care provider with 
a consultation in their health records. Those 
who cannot be returned directly to duty are admitted 
or evacuated for the necessary medical or surgical 
treatment. Records are kept of the patient's unit and 
diagnosis for all outpatient visits and admissions. 

Within this field medical structure, it is possible 
to capture virtually all of the illness and injury that 
is treated in specific units and, by extension, the 
entire deployed population. From a surveillance 
standpoint, this represents an ideal data collection 
mechanism. Military units have an additional ad¬ 
vantage for surveillance: a known population or 
denominator. This makes it possible to calculate rea¬ 
sonably precise DNBI rates for individual units, as 
well as for larger organizations composed of indi¬ 
vidual units (eg, divisions, wings). The essential 
first step of the surveillance cycle, data collection, 
is therefore greatly facilitated. 

In addition to primary care providers, opera¬ 
tional units frequently have PM personnel assigned 
to them. Corpsmen, medics or PM technicians with¬ 
in the unit perform basic PM functions, such as 
testing water chlorine levels, advising on field sani¬ 
tation and personal protection measures, and moni¬ 
toring heat conditions. Higher-level PM support, 
such as disease vector identification, pesticide 


application, bacteriological testing of water, and 
food service inspections, is provided by specialized 
PM support units. These units, which vary in the 
different military services, may be staffed by PM 
technicians, entomologists, environmental health 
or environmental science officers, and PM physicians. 
Typically, these units are also responsible for 
investigating disease outbreaks. In some settings, 
epidemiologic investigation teams may also be 
assigned. Thus, there is capability within the 
operational medical infrastructure to conduct the 
analysis required in surveillance and, in many 
cases, to take necessary corrective action. Unlike 
many civilian settings, where medical treatment 
and public health are separated, deployed military 
units combine these functions into a single organiza¬ 
tion. This greatly facilitates transfer of information 
and feedback, essential to successful surveillance. 

Perhaps the most important feature of the opera¬ 
tional medical infrastructure from a surveillance 
perspective is the relationship between the com¬ 
mander and the senior medical representative. The 
senior medical representative in an individual unit 
serves as a special advisor to the commander. This 
unique relationship enables the medical represen¬ 
tative to provide direct and immediate feedback on 
the unit's health to the single person who can take 
the necessary action. A senior medical officer is also 
assigned at higher levels of the organization, pro¬ 
viding direct input and recommendations to senior 
commanders. 

DNBI Surveillance at the Outpatient Level 

In the operational setting, many of the most sig¬ 
nificant medical problems are first recognized at the 
outpatient level, usually at a unit's sick call. Ex¬ 
amples include a diarrhea outbreak or a cluster of 
heat casualties, which might not be serious enough 
to require referral. A surveillance system that fo¬ 
cuses only on hospitalizations would not recognize 
this significant event and would not stimulate the 
actions required to contain the problem. Outpatient 
surveillance at the unit level is therefore the first 
line of defense in DNBI prevention. 

Organization of Data 

There are many illnesses and injuries that are sig¬ 
nificant from an operational public health perspec¬ 
tive, but attempting to individually track a large 
number of specific diagnoses would be complex and 
cumbersome. A more manageable approach is to 
combine related diagnoses into logical categories. 
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There are, for example, many different viruses, bac¬ 
teria, and parasites that cause diarrhea. Since all 
these distinct etiologies generally represent some 
variation of enteric transmission, it is logical to 
group them into a single reporting category. From 
a practical disease control perspective, all require 
similar preventive measures. The same is true for 
the many types of respiratory disease and for der¬ 
matological problems. In surveillance, the precision 
of knowing which specific pathogens are causing a 
problem is less important than knowing that a cer¬ 
tain type of transmission is occurring. Table 31-1 
lists the DNBI surveillance categories for outpatient 
surveillance currently mandated by the Joint Staff. 
This framework is intended to capture those medi¬ 
cal problems with the most significant potential 
impact on readiness. Diagnoses that have no op¬ 
erational public health significance (eg, peptic ulcer, 
appendicitis) are not specifically monitored and are 
combined into a miscellaneous category labeled "all 
other." 

Several categories in this system are noteworthy. 
Injuries are classified according to the setting in 
which they occurred (ie, training, recreation, motor 
vehicle, or other), rather than by specific anatomic 
diagnosis. This reflects a conscious link to the pre¬ 
ventive measures, which differ depending on the 
setting. For psychiatric problems, a separate category 
exists for those problems related to operational or 
combat stress. This represents a focus on recogniz¬ 
ing and countering the significant mental health 
effects that have, in previous operations, jeopar¬ 
dized readiness. 

This system also includes a category of "unex¬ 
plained fever." This reflects the reality that many 
significant infectious diseases, such as malaria, den¬ 
gue, and hemorrhagic fever with renal syndrome, 
present initially as a nonspecific fever. A precise 
diagnosis may be unobtainable at the primary 
care level. This surveillance category is designed 
to recognize patterns of unexplained fevers, which 
may be essential clues to their etiology and ultimate 
control. A cluster of fevers (or even a single 
case) is a significant sentinel event, which should rap¬ 
idly trigger an in-depth investigation and evaluation. 

Figure 31-3 is the Weekly DNBI report format 
used in the currently mandated DNBI surveillance 
system. This report is a tally of all cases seen in an 
individual unit during a week. This form is de¬ 
signed to be filled out by medical personnel at each 
unit. The information is ideally shared with unit- 
level PM personnel immediately; in some cases, PM 
personnel may do the actual collection and compi¬ 
lation of the data. The form is designed to be simple 


and requires no specialized epidemiologic knowl¬ 
edge, complex calculations, or computer databases 
to complete. This DNBI system is designed to fo¬ 
cus on new complaints only. Follow-up visits for 
an initial complaint are not recorded because this 
would count a case twice. It is possible, though, for 
a single patient to have multiple unrelated diag¬ 
noses recorded in more than one category (eg, fun¬ 
gal skin infection and diarrhea). When diagnoses 
are closely related (eg, a patient who becomes a heat 
casualty due to dehydrating diarrhea), only the 
main underlying problem should be recorded in the 
appropriate category, as defined in Table 31-1. 

Calculation of Rates 

For each DNBI category, rates are calculated, us¬ 
ing the average unit strength as the denominator. 
Rates are most conveniently expressed as percent 
of the unit treated per week, using this formula: 

Number of new cases in the unit per week x 100 
Size of population in the unit (average for the week) 

= Percentage treated per week. 

This relatively straightforward rate enables the 
medical personnel to quantify and report the mag¬ 
nitude of the DNBI problem in the unit in a way 
that is easily understood by commanders and medi¬ 
cal personnel. Rates are also absolutely essential for 
comparing different units within a larger DNBI sur¬ 
veillance system, as will be discussed later. The 1- 
week reporting interval for DNBI rates represents 
a workable compromise between timeliness of 
analysis and the stability of rates. The interval is 
short enough to recognize an abnormality within 
the typical window of opportunity for intervention 
but long enough to provide relatively stable rates 
despite the normal, minor, day-to-day fluctuations 
of sick call visits. 

Initial Unit-level Analysis 

The Weekly DNBI Report also provides reference 
DNBI rates for direct comparison with unit rates. 
These were derived from surveillance data on pre¬ 
vious deployments, as well as from garrison-based 
surveillance. They are intended to provide a unit 
with its own internal yardstick to help determine 
whether its DNBI rates are abnormal for a given 
week. They can be used to set action thresholds that 
when reached prompt more detailed investigation. 
Space is also provided to record the number of 
servicemembers who are placed on light duty, placed 
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TABLE 31-1 

CURRENTLY MANDATED DISEASE NONBATTLE INJURY CATEGORIES 


Category 

What is Included 

Combat/Operational 
Stress Reactions 

Acute reaction to stress and transient disorders that occur without any apparent mental dis¬ 
order in response to exceptional physical and mental stress; also includes post-traumatic 
stress disorder, which arises as a delayed or protracted response to a stressful event or situ¬ 
ation of an exceptionally threatening or catastrophic nature 

Dermatological 

Diseases of the skin and subcutaneous tissue, including heat rash, fungal infection, cellulitis, 
impetigo, contact dermatitis, blisters, ingrown toenails, unspecified dermatitis, and sunburn 

Gastrointestinal, 

infectious 

All diagnoses consistent with infection of the intestinal tract; includes any type of diarrhea, 
gastroenteritis, "stomach flu," nausea/vomiting, hepatitis, etc; does NOT include noninfec- 
tious intestinal diagnoses such as hemorrhoids and ulcers 

Gynecological 

Menstrual abnormalities, vaginitis, pelvic inflammatory disease, or other conditions related 
to the female reproductive system 

Heat/Cold Injuries 

Climatic injuries, including heat stroke, heat exhaustion, heat cramps, dehydration, hypo¬ 
thermia, frostbite, trench foot, immersion foot, and chilblain 

Injury, Recreational/ 
Sports 

Injury, Motor Vehicle 

Any injury occurring as a direct consequence of the pursuit of personal or group fitness, 
excluding formal training 

Any injury occurring as a direct consequence of a motor vehicle accident 


Accidents 

Injury, Work/Training Any injury occurring as a direct consequence of military operations/duties or of an activity 
carried out as part of formal military training, to include organized runs and physical fit- 


Injury, Other 
Ophthalmologic 

ness programs 

Any injury not included in the previously defined injury categories 

Any acute diagnosis involving the eye, including pink-eye, conjunctivitis, sty, corneal abra¬ 
sion, foreign body, vision problems, etc; does not include routine referral for glasses 
(nonacute) 

Psychiatric, Mental 
Disorders 

Any conventionally defined psychiatric disorder, as well as behavioral changes and distur¬ 
bance of normal conduct, which is out of normal character or is coupled with unusual physical 
symptoms such as paralysis 

Respiratory 

Any diagnosis of the (a) lower respiratory tract, such as bronchitis, pneumonia, emphysema, 
reactive airway disease, and pleurisy or ( b) the upper respiratory tract, such as "common 
cold," laryngitis, tonsillitis, tracheitis, otitis, and sinusitis 

Sexually Transmitted 
Diseases 

Fever, Unexplained 

All sexually transmitted infections, including chlamydia, human immunodeficiency virus 
infection, gonorrhea, syphilis, herpes, chancroid, and venereal warts 

Temperature of 100.5°F or greater for 24 hours or history of chills and fever without a clear 
diagnosis (this is a screening category for many tropical diseases such as malaria, dengue 
fever, and typhoid); such fever cannot be explained by other inflammatory or infectious 
processes such as respiratory infections, heat, and overexertion 

All Other, Medical/ 
Surgical 

Dental 

Any medical or surgical condition not fitting into any category above 

Any disease of the teeth and oral cavity, such as periodontal and gingival disorders, caries, 
and mandible abnormalities 

Miscellaneous/ 
Administrative / 
Follow-up 

Definable 

All other visits to the treatment facility not fitting one of the above categories, such as profile 
renewals, pregnancy, immunizations, prescription refills, and physical exams or laboratory 
tests for administrative purposes 

An additional category established for a specific deployment, based upon public health con¬ 
cerns (eg, malaria, dengue, airborne/HALO* injuries) 


*high altitude, low opening (type of parachute jump) 

Source: Chairman of the foint Chiefs of Staff. Deployment Health Surveillance and Readiness. Washington, DC: Dept of Defense; 1998. 
Joint Staff Memorandum MCM-251-98, 4 Dec 1998. 
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Weekly DNBI Report 

Unit/Command:_ Troop Strength: _ 

Dates Covered:_ (Sunday 0001) Through: _ (Saturday 2359) 

Individual Preparing Report:_ 

Phone:_ E-Mail:_ 


CATEGORY 

INITIAL 

VISITS 

RATE 

SUGGESTED 
REFERENCE 
RATE (%) 


DAYS OF 
LIGHT 
DUTY 

LOST 

WORK 

DAYS 

ADMITS 

Combat/Operational 
Stress Reactions 



0.1 





Dermatologic 



0.5 





Gl, Infectious 



0.5 





Gynecologic 



0.5 





Heat/Cold Injuries 



0.5 





Injury, 

Recreational/Sports 



1.0 





Injury, MVA 



1.0 





Injury, Work/Training 



1.0 





Injury, Other 



1.0 





Ophthalmologic 



0.1 





Psychiatric, Mental 
Disorders 



0.1 





Respiratory 



0.4 





STDs 



0.5 





Fever, Unexplained 



0.0 





All Other, Medical/Surgical 








TOTAL DNBI 



4.0 






Dental 


xxxxxx 






Misc/Admin/Follow-up 


xxxxxx 






Definable 








Definable 









Problems Identified: Corrective Actions: 


Fig. 31-3. This is the Weekly Disease Nonbattle Injury (DNBI) Report format used in the currently mandated DNBI 
surveillance system. It is a summary of a unit's rates during the week, prepared by unit medical personnel. The data are 
analyzed at the unit (usually by corpsmen or medics) and sent up the chain to supporting preventive medicine personnel. 
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on "sick in quarters status," or admitted during the 
week. These serve as an additional indicator of the 
magnitude of a problem within a unit. 

The weekly DNBI report also contains an impor¬ 
tant section for specific comments on problems 
identified and corrective actions taken. This section 
is intended to prompt and document the evaluation 
and analysis process at the local level. For example, 
heat casualty rates 10 times the action threshold 
would be identified as a problem. Simple unit-level 
analysis might reveal that an extended march was 
conducted during excessively hot conditions in a 
remote training area, and that the "black flag" heat 
index was not posted. Based on this unit-level inves¬ 
tigation and analysis of the problem, the action taken 
might have been to recommend improvements in 
communicating hot weather "flag" conditions 
throughout the training area. This recommendation, 
supported by the data, could have been given di¬ 
rectly to the unit commander by the medical officer. 
This example is representative of a local analysis 
that results in an action taken at the unit level. In 
cases where a problem requires more detailed in¬ 
vestigation, assistance from a supporting PM unit 
may be needed. To be of any benefit, though, analy¬ 
sis must take place in a timely fashion. If the prob¬ 
lem is not recognized until days or weeks later, the 
opportunity for intervention may be lost. 

It is useful for each unit to monitor its own DNBI 
trends from week to week. This enables a unit to cus¬ 
tomize its own baseline for a given set of conditions, 
rather than compare with a fixed reference, which may 
not apply. In addition, small increases from one week 
to the next may be an early indication of a develop¬ 
ing problem. A trend of relatively small but cumula¬ 
tive increases may stimulate an investigation that 
identifies a problem before it becomes critical. 

Centralized Analysis of Force-wide Data 

A mechanism to assemble and centrally analyze 
data from all unit treatment facilities must exist to 
recognize significant DNBI patterns above the unit 
level. Actual rates (rather than simple case counts) are 
needed for this type of comparison. This is often the 
only way to recognize problems affecting multiple 
units or to pinpoint a specific problem at an individual 
unit. For example, the commander of an infantry bat¬ 
talion with consistently high heat injury rates (eg, 3% 
per week) might believe that heat casualties are un¬ 
avoidable under the operational circumstances. This 
conclusion might be reached even with full knowl¬ 
edge that unit rates are above the reference level. The 
unit commander and medical officer may adjust their 


expectations and consider 3% per week "normal." 
However, division-wide data showing significantly 
lower rates (eg, 0.5% per week) in similar units en¬ 
gaged in similar operations may convince them that 
many of the casualties can be prevented through prac¬ 
tical command measures without compromising the 
mission. Expectations can be adjusted based on ob¬ 
jective, real-time data. 

The weekly rates and denominator information 
contained in Figure 31-3 must be transferred up the 
appropriate chain of command to a location where 
it can be analyzed and acted on. Most often, this 
will be a PM unit with area-wide or command-wide 
responsibility, such as a division PM section, a PM 
support unit, or a designated disease surveillance 
team. The specific means of transferring informa¬ 
tion may vary with circumstances but can include 
fax, computer networks, message, radio transmis¬ 
sion, or hand delivery. Timeliness is again a critical 
factor. Periodic visits to units by PM personnel may 
help speed up information transfer. 

Although it is not essential for surveillance data 
to be computerized at the individual unit level, 
some type of computer database is needed at the 
central level, where reports from many units must 
be assimilated and analyzed. Ideally this database 
would be maintained by the PM section responsible 
for supporting a large unit, typically a division¬ 
sized element. As information technology evolves 
in deployed forces, the entire system could be elec¬ 
tronic, with automated analysis algorithms and 
prompts to action. 

Centralized Feedback 

Providing general feedback to all individual com¬ 
manders and medical personnel on DNBI patterns 
throughout a large organization or theater is a key 
element of an operational surveillance system. Such 
feedback may be the only means by which some 
units can develop and maintain a "DNBI situational 
awareness" for the area of operations and be alerted 
to actual disease threats. Units in a certain location, 
for example, may have no way of knowing that a 
neighboring unit has had an outbreak of malaria. 
With feedback from the system indicating that ma¬ 
laria is being transmitted nearby, all units can maxi¬ 
mize command emphasis on protective measures 
before additional cases occur. 

Surveillance feedback can take the form of a 
weekly DNBI situation report, issued by PM per¬ 
sonnel at the division level or higher. This report 
can provide a valuable review of current patterns, 
current problems, and other relevant information 
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derived from the surveillance system. Such infor¬ 
mation should be disseminated to individual com¬ 
manders and medical personnel by whatever means 
are available, including message, fax, computer 
networks, or personal visits. This information 


should also be reported up the chain of command 
to the joint or theater level, so that theater-wide 
DNBI patterns can be assessed. In some situations, 
this information may need to be treated as confi¬ 
dential or classified. 


INPATIENT SURVEILLANCE SYSTEMS IN MILITARY OPERATIONS 


Although no specific inpatient DNBI surveillance 
system has been mandated for deployed forces 
as of this writing, it is nonetheless an important 
FHP tool. Those illnesses or injuries that are seri¬ 
ous enough to warrant hospitalization in the field 
or evacuation out of theater merit special atten¬ 
tion, since they are obviously the source of signifi¬ 
cant lost person-days. Inpatient surveillance can 
be more complex than outpatient surveillance 
and usually requires the skill and judgment of 
an epidemiologist to organize and interpret the 
data. Different situations may require specifically 
tailored approaches. Inpatient surveillance can 
be viewed as the second line of defense in DNBI 
prevention. Although usually very few patients 
in an operational setting require hospitalization, 
it is absolutely essential to have the capacity to 
recognize systematically those conditions severe 
enough to require hospitalization. This may be 
the only way that some of the most serious dis¬ 
ease threats can be identified. Take, for example, 
a patient with an unexplained fever who is seen in 
an outlying unit's sick call. Since it is impossible 
to accurately diagnose or care for the patient in 
the unit, he is referred for hospitalization and 
specialty care. Patterns might become evident in 
outpatient surveillance if multiple cases of un¬ 
explained fever occur, but this single case would 
probably not significantly alter overall disease 
rates. After hospitalization and further evaluation, 
this patient is diagnosed with Japanese encepha¬ 
litis. Without a system of inpatient surveillance, 
this highly significant event may have gone un¬ 
recognized, and the opportunity to institute im¬ 
mediate countermeasures to prevent additional 
cases might have been missed. 

There are a number of highly significant diseases 
that typically require an inpatient setting for diag¬ 
nosis and treatment; they include hepatitis A and 
E, hemorrhagic fever with renal syndrome, dengue 
fever, leptospirosis, and scrub typhus. There must 
be a system in place to recognize these illnesses even 
in small or sporadic numbers, investigate them im¬ 
mediately, and react to them quickly. 

Inpatient surveillance adds a higher level of 
clarity to the overall DNBI surveillance picture. It is 


indispensable to an FHP program that effectively 
counters the serious disease threats the military faces. 
The combination of inpatient and outpatient sur¬ 
veillance gives a comprehensive picture that greatly 
increases the chances that DNBI will be recognized 
and dealt with before it can seriously degrade com¬ 
bat effectiveness. This is the goal of surveillance. 

Data Sources 

An accurate final diagnosis is needed for opti¬ 
mal inpatient surveillance. There are several sources 
that can provide these data or a useful surrogate. 
Hospital admission logs or databases usually record 
a presumptive diagnosis, which may change sig¬ 
nificantly during the course of hospitalization. The 
presumptive diagnosis can be a valuable piece of 
information, however, because it focuses interest on 
a particular patient and raises an appropriate index 
of suspicion. Hospital discharge logs or databases 
are more likely to contain the final diagnosis, and 
they may be the only practical way to capture ac¬ 
curate data routinely on the diagnoses of all patients 
who were admitted. Unfortunately, this information 
may only be available relatively long after the pa¬ 
tient became ill; the resulting lag time may mean 
that the window of opportunity for intervention to 
prevent others from developing the same illness has 
closed. 

PM personnel should be alerted to the final di¬ 
agnosis as soon as possible after it is made. This 
may require direct contact between epidemiologists 
and key clinicians in the hospital to keep updated 
on particular patients. A system of immediate re¬ 
porting between hospital physicians and an epide¬ 
miologist for selected diagnoses or presumptive 
diagnoses may also serve this purpose. Since labo¬ 
ratory tests are often the means by which diagnoses 
are made, laboratory logs are another potential 
source of important data on diagnoses. A system of 
immediate reporting of selected laboratory diag¬ 
noses to the epidemiologist may be effective. What¬ 
ever the specifics of the system, direct proactive 
involvement of a PM physician with all inpatient 
treatment facilities is the most effective way to cap¬ 
ture and interpret appropriate data. Diagnoses of 
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infectious diseases are of greatest interest, especially 
for those diseases with epidemic potential. The index 
of suspicion should be high for the specific diseases 
thought to be present in the local area of operations. 

Inpatient DNBI Rates 

Inpatient surveillance can also detect patterns of 
illness or injury, similar to the outpatient system. A 
general organization of categories similar to the 
outpatient system can be developed by an epide¬ 
miologist to summarize the rates and pattern of 
admissions, with the level of subclassification 
varying to meet the needs. For example, the outpa¬ 
tient category of respiratory disease might be ex¬ 
panded so bronchitis, viral pneumonia, bacterial 
pneumonia, and reactive airway disease can be 
monitored separately. The size of the entire popu¬ 
lation being supported by a facility should be used 
to calculate weekly or monthly rates, as determined 
by the epidemiologist. 

Surveillance can also be conducted at the refer¬ 
ral facilities in theater where patients initially seen 
at unit sick calls receive specialized outpatient con¬ 
sultation. In some situations, this may provide an 
important early warning mechanism to augment the 
outpatient unit-level DNBI surveillance. A report¬ 
ing system for specific diagnoses can be tailored to 
a given set of operational circumstances. 

Individual Epidemiologic Investigations 

Cases admitted for a potentially high-impact dis¬ 
ease such as malaria will usually require further 
epidemiologic investigation. This might include an 
interview with the patient to determine exposure 
location, protective measures used, chemoprophy¬ 
laxis taken, and so on. Other members of the 
patient's unit might be interviewed using standard¬ 
ized questionnaires and relevant surveillance data 
examined to identify patterns. Unit-specific attack 
rates can be calculated from inpatient data if 
needed. Sophisticated outbreak investigation tech¬ 
niques may be necessary to fully appreciate patterns 
of certain diseases. This type of investigation is an 
important component of surveillance triggered by 
inpatient disease surveillance and is best accom¬ 
plished by trained epidemiologists. Depending on 
the situation, this function may be performed by a 
surveillance and epidemiology team or by the epi¬ 
demiologist who reviews inpatient data. The key is 
a capacity to recognize significant diseases system¬ 
atically at the earliest possible point and respond 
appropriately. 


Specialized Public Health Diagnostic Laboratories 

Unexplained fevers in a tropical environment 
present a huge challenge to the clinician. Malaria, 
dengue fever, typhoid fever, hemorrhagic fever with 
renal syndrome, Japanese encephalitis, and many 
other infectious diseases initially present with very 
nonspecific symptom complexes that include fever 
and offer few other definite clinical diagnostic fea¬ 
tures. Effective treatment depends on an accurate 
diagnosis, and this usually requires a very capable 
laboratory that can provide rapid, on-site diagnosis. 

The public health value of a rapid and accurate 
diagnosis goes far beyond an individual patient or 
clinician. The diagnosis may identify a threat fac¬ 
ing an entire population at risk for the same dis¬ 
ease. Dengue fever and typhoid fever have very 
different exposure mechanisms and therefore dif¬ 
ferent approaches to prevention. Disease control 
efforts cannot be effectively targeted unless it is 
known whether the problem is enterically transmit¬ 
ted or vector-borne. 

The capabilities of such a laboratory should be 
tailored to the anticipated medical threat in the area 
of operations, with emphasis on rapidity of results. 
Laboratory officers with highly specific diagnostic 
expertise may be required, as might highly special¬ 
ized reagents. Sophisticated techniques, such as 
polymerase chain reaction and plasmid identifica¬ 
tion, are often required for the rapid identification 
of tropical infectious diseases. The equipment, re¬ 
agents, and expertise may be available only within 
the military medical research community, particu¬ 
larly in the Army and Navy overseas laboratories 
located in or near the area of operations. On-site 
deployment of a specialized public health diagnostic 
laboratory with this extremely high level of capa¬ 
bility is an invaluable addition to DNBI surveil¬ 
lance. Both the Army and the Navy 7 have recently 
developed and fielded such laboratories. 

Feedback from Inpatient Surveillance 

As with outpatient surveillance, the information 
derived from inpatient surveillance is of limited 
value unless it is rapidly communicated back to 
those responsible for preventive measures through¬ 
out the organization. If, for example, hemorrhagic 
fever with renal syndrome was diagnosed in a pa¬ 
tient in a certain unit, that unit and all others in the 
area must be made aware of the diagnosis as quickly 
as possible. Knowledge of the diagnosis is the 
clearest possible indication of the threat and should 
lead to the implementation of appropriate counter- 
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EXHIBIT 31-1 

SAMPLE WEEKLY DISEASE NONBATTLE INJURY (DNBI) SITUATION REPORT 

From: Division Commanding General 

To: All Division Battalion Commanders and Medical Officers 

Subj: Weekly DNBI Situation Report for Operation Strong Endeavor—East Africa 

1. DNBI surveillance information was available for 23 of the 25 Division units for the week of 18 August, 
covering 18,590 of the 19,780 personnel in theater (94%). Overall rates of DNBI continue to be low, with the 
exception of dermatological conditions, which continue to affect 2-3% of the force per week: 



4 Aug 

11 Aug 

18 Aug 

Total reporting 

18,980 

18,640 

18,590 

Heat injury 

0.2 

0.2 

0.1 

Diarrhea/ GI 

0.7 

0.6 

0.7 

Dermatologic 

1.9 

2.8 

2.5 

Respiratory 

0.3 

0.5 

0.4 

Injury (upper) 

0.2 

0.5 

0.5 

Injury (lower) 

1.0 

1.1 

0.9 

Injury (back) 

0.4 

0.2 

0.5 

Injury (other) 

0.9 

1.2 

1.2 

Unexplained fever 

0.0 

0.3 

0.0 

Sexually trans 

0.1 

0.0 

0.1 

Ophthalmologic 

0.1 

0.0 

0.2 

Psychiatric 

0.0 

0.1 

0.1 

All other 

1.4 

1.5 

1.2 

Totals 

6.0 

6.8 

6.4 


2. Significant events during the week of 18 August: 

A. Dermatological complaints continue to occur at relatively high levels. Most cases are heat rash, 
impetigo, and fungal infection. Lack of shower facilities and opportunity for optimal personal hygiene 
throughout most units appears to be the main contributing factor. As logistics permit, additional shower 
units are being established. Commands should continue to emphasize basic hygiene, including frequent 
changes of socks. 

B. Three shigella cases were diagnosed from a single unit this week. Overall diarrhea rates in the unit 
have been higher than average (2% per week). Investigations of food/ water sources have failed to reveal a 
deficiency. A severe fly problem in the area appears to account for at least some of the diarrhea cases. Fly 
control and field sanitation measures continue to receive increased emphasis. 

C. Four unexplained fever cases from a single unit during the week of 11 August were subsequently 
diagnosed as viral syndrome after inpatient evaluation. Malaria, hepatitis, and dengue have been ruled out. 
Though the threat is high, vector-borne disease continues to be rare, with a total of 6 malaria cases and 10 
dengue cases scattered throughout the division in the past month. Continued emphasis on personal protec¬ 
tive measures and chemoprophylaxis appears to be effective. 

D. An artillery battalion experienced 3 gonorrhea and 2 NGU cases during the week, attributable to 
recent 3-day liberty outside the area of operations in Kenya. Additional briefs on the HIV threat throughout 
Africa have been given. STD acquired in the immediate area of operations continues to be very low. 

3. There were 52 admissions during the week of 18 August, representing 0.26% of the 19,780 division 
personnel in theater. Approximately 60% of hospitalizations were for injuries, including 6 from a motor 
vehicle accident, and a variety of fractures, sprains, and lacerations scattered throughout the division. No 
significant disease patterns have been identified. 
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measures, which may not have otherwise been con¬ 
sidered a high priority. In addition, it will alert 
medical personnel to be especially vigilant for the 
early signs of additional cases. A summary analy- 

SURVEILLANCE IN ACTION—US MARINE 

During Operations Desert Shield and Desert 
Storm (1990-1991), a simple weekly unit-level sur¬ 
veillance system was instituted for Marine Corps 
forces operating ashore. Selected data from this sys¬ 
tem illustrate how surveillance can quickly identify a 
disease problem and facilitate corrective action. 

Figure 31-4 shows diarrhea rates from a Marine 
Air Group, which initially occupied a host-nation 
airbase. Although Marines lived under field condi¬ 
tions in tent camps, they were fed in a host-nation 
military dining facility that was modern, air-condi¬ 
tioned, and operated and managed entirely by local 
nationals and contract personnel from other nations. 
Ordinarily, military PM personnel recommend 
strongly against relinquishing control of food ser¬ 
vice to outside organizations unless they have been 
previously certified and are known to meet US stan¬ 
dards. However, under the difficult circumstances 


sis of inpatient data and relevant outbreak investi¬ 
gations should be included in a widely distributed 
communication such as a weekly DNBI situation 
report (Exhibit 31-1). 

CORPS FORCES IN THE PERSIAN GULF WAR 

early in Desert Shield, there were distinct advan¬ 
tages to accepting the food service support offered 
by the host nation, especially since the facilities 
appeared to be very clean and modern. Aside from 
the positive impact on morale, receiving this food 
service assistance from a military ally reduced the 
logistical burden of providing rations or a field mess 
facility for several thousand Marines. 

While it was expedient to use this host-nation 
dining facility, the surveillance data showed an almost 
immediate increase in diarrhea rates, rapidly ex¬ 
ceeding 5% per week in a rising trend. In analyzing 
the problem at the airbase. Marine PM personnel 
on-site had already established the potability of the 
water supply and eliminated water as a possible 
source of disease. Furthermore, military personnel 
had no access to food on the local economy. Rates 
were clearly consistent with a food-related outbreak 



Fig. 31-4. This graph shows the rates of diarrhea in a Marine Air Group (Fixed Wing) serving in the Persian Gulf War. 
The first outbreak occurred early and was caused by problems in a host-nation dining facility. The diarrhea rates 
declined once dining facilities were brought under Marine control. The second outbreak was tied to lapses in food 
handling procedures during a time of heightened operational tempo. Any breakdowns in basic public health procedures 
were very quickly reflected in increased rates of diarrheal disease. 
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and followed an alarming upward trend, making the 
dining facility the most likely source. This defini¬ 
tive assessment was based solely on the surveillance 
data gathered from this unit, without knowing dis¬ 
ease rates from any other unit in the operation. 

Medical recommendations citing these data 
prompted and facilitated the decision to quickly 
introduce Marine food service and PM personnel into 
the host-nation facility, initially in a supervisory and 
monitoring role. PM inspections identified numer¬ 
ous significant deviations from US standards of 
food handling practices by the local staff. Within a 
relatively short period of time, commanders made 
the necessary arrangements and committed the as¬ 
sets required for Marine personnel to gain complete 
control of food service. Diarrhea rates subsided dra¬ 
matically and remained at acceptable levels through 
the next several months. The impact of diarrhea 
certainly could have been far greater, compounded 
as it was by the extreme heat and relatively austere 
field living conditions. 

Figure 31-4 shows a second sudden peak in diar¬ 
rhea rates occurring in January 1991. This outbreak 
was related to a single meal served by a Marine field 
mess facility near the flight line. (This field facility 
largely replaced the host-nation facility mentioned 
previously.) Several food service problems had been 
identified by Marine PM personnel, but correcting 
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them was considered a low priority by food service 
personnel, especially as operational tempo in¬ 
creased markedly during the intense air campaign. 
Deficiencies were quickly corrected after this self¬ 
limited outbreak, which was clearly captured with 
objective data. This episode served to illustrate the 
significant risk of complacency or cutting corners 
in a military food service operation. 

The value of central analysis of surveillance data 
from multiple units was also demonstrated during 
Desert Shield. Early in the operation, the logistical 
constraints of moving materiel to the theater were 
enormous. Sealift and airlift assets were commit¬ 
ted heavily to the movement of combat personnel 
and equipment. Since on-site stockpiles of Meals 
Ready to Eat rations were limited, commanders 
placed strong emphasis on getting fresh meals to 
the troops at the earliest possible juncture. Marine 
food service personnel were deployed, along with 
equipment and supplies, to set up field mess facili¬ 
ties. In some cases. Marines took over existing 
kitchen facilities in industrial complexes made 
available by the host nation. 

Due to the severe logistical constraints, the host 
nation provided significant contracting assistance. 
Items such as fruits, meats, poultry, eggs, and veg¬ 
etables were obtained from sources outside the net¬ 
work of contractors officially approved by the US 
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Fig. 31-5. These three graphs show simultaneous diar¬ 
rhea outbreaks in Marine units during Operation Desert 
Shield in September and early October of 1990. The Ma¬ 
rine units affected ate at three different chowhalls. This 
pattern indicates problems in centralized food procure¬ 
ment procedures. It turned out that nonapproved food 
sources were the source of the outbreaks. 


720 






Disease and Nonbattle Injury Surveillance: Outcome Measure for Force Health Protection 


military. These foodstuffs were provided in large 
quantities to a centralized Marine food service 
warehouse for distribution to a network of Marine 
field mess halls serving the majority of Marines 
throughout a large geographic area. 

Figure 31-5 shows diarrhea rates at three differ¬ 
ent units served by three different field mess halls. 
Other units had similar rates. The epidemiologic 
pattern of concurrent outbreaks in several differ¬ 
ent areas strongly suggested a common factor. Ma¬ 
rine PM personnel had already assured that the 
water was potable, and eating on the local economy 
was forbidden. It was unlikely that this force-wide 
outbreak was caused by individual food service fa¬ 
cilities simultaneously experiencing unrelated dif¬ 
ficulties. The remaining common factor was the 
fresh food being distributed centrally from unap¬ 


proved sources. Lettuce was of particular concern 
due to its susceptibility to fecal contamination, and 
subsequent PM investigation implicated this item 
as a source of at least some of the diarrhea. 8 

Based on the surveillance data and subsequent 
investigation, a force-wide policy was issued that 
discontinued the use of lettuce in Marine Corps 
mess facilities. Diarrhea rates very rapidly declined 
to approximately 1% per week or less in virtually 
all units. Without the capacity to look at the overall 
patterns across several units, it probably would 
have taken considerably longer to pinpoint or prove 
the source of the problem and prompt the neces¬ 
sary policy shift. Individual units looking at their 
own diarrhea rates would have had no way of 
knowing the exact source of the problem and may 
not have been able to correct it as quickly. 


FUTURE DIRECTIONS 


Technological improvements in the flow of in¬ 
formation may make surveillance much easier in 
the future. Advancing technology may enable phy¬ 
sicians, corpsmen, and medics to enter diagnoses 
into a hand-held computer as they treat patients. 
Such a device might be capable of continuously as¬ 
similating and analyzing a unit's rates of disease 
and injury and transmitting data to a central system. 
Through advanced data gathering and information 
management, it may be possible to link outpatient 
data with inpatient data to describe instantaneously 
the exact pattern of all disease and injury in a force. 

Although surveillance is most critical during 
deployments where the medical threat is increased, 
it is also a useful tool during routine training in 


garrison. Exotic infectious diseases are not a sig¬ 
nificant threat on most US training bases, but 
other problems, such as heat injury, musculosk¬ 
eletal injuries, sexually transmitted diseases, and 
psychiatric conditions, can also affect a unit. An 
emphasis on FHP is still needed, and specific PM 
strategies must be applied to keep servicemembers 
healthy. Outcome measures are no less important. 
Monitoring diseases and injuries in the unit 
should be a part of the everyday routine of any 
operational military medical department. Com¬ 
manders should come to expect that outcome 
measures of command preventive programs are 
being monitored and should be familiar with how 
the information can be used. 


SUMMARY 


DNBI surveillance is a simple but powerful tool in 
the military setting. It can cut through the medical 
equivalent of the "fog of war" and bring specific prob¬ 
lems into sharp focus at an early stage. Surveillance 
is a critical part of maintaining the medical situational 
awareness needed to stay ahead of problems and drive 
an effective FHP program. The military medical sys¬ 


tem is very well suited to capturing the right data, 
translating it into attack rates, analyzing it, and get¬ 
ting sound recommendations into the hands of those 
who can act decisively on the problems identified. 
Medical personnel and commanders can quickly tar¬ 
get their efforts to protect the force from disease and 
injuries and preserve the fighting strength. 
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INTRODUCTION 


The use of the epidemiologic method to identify 
and control an acute disease problem in a popula¬ 
tion represents the most dramatic application of the 
science of epidemiology. Knowledge gained from a 
well-conducted outbreak investigation can enable 
the investigator to intervene and control an epidemic. 
The relatively quick tempo of this scientific endeavor 
also contributes to its unique place in research. The 
literature is replete with classic examples of outbreaks 
occurring in military populations. 1-3 Carrying out 
the military mission is associated with living, work¬ 
ing, eating, and playing in a group environment 
under harsh conditions. This togetherness, coupled 
with potentially unique occupational and environ¬ 
mental exposures, can result in outbreaks in de¬ 
ployed service members. Vaccines or effective 
chemoprophylaxis do not exist for many endemic 
diseases. Recognition of new pathogens and the 
reemergence of known pathogens with new drug 
resistance patterns have contributed to a resurgence 
of infectious diseases as a threat to the military force 
in the field. 4-9 

The Epidemic Intelligence Service program for 
public health officers at the Centers for Disease 
Control and Prevention (CDC) grew out of the fear 


of biological warfare during the Korean War. 10 As 
the 21st century opens, the potential for govern¬ 
ments or individual terrorists to use biological or 
chemical agents against a population has not less¬ 
ened and may indeed be greater than it was in the 
1950s. The 1995 terrorist attack on a Japanese sub¬ 
way train using the nerve gas sarin resulted in more 
than 5,000 people injured and 11 deaths. 11 Biological 
warfare and biological terrorist events by definition 
seek to create epidemics and so the need remains 
for a cadre of capable epidemiologists to respond 
to domestic or military public health emergencies 
of this nature. 12 

This chapter is intended to provide a practical, 
detailed discussion of the specific steps to use in 
conducting the investigation of an outbreak in the 
field (Exhibit 32-1). The initial purpose of the in¬ 
vestigation is to determine the population at risk 
and identify the specific cause or exposure risk fac¬ 
tors of disease. As the description of the outbreak 
becomes clearer, explicit objectives can be formu¬ 
lated for the planned field work to develop and test 
hypotheses proposed to explain the outbreak. This 
permits effective intervention, which in turn will 
end the crisis. 


EXHIBIT 32-1 

OUTBREAK INVESTIGATION METHODOLOGY 


Verify the diagnosis or define the problem 
Establish a case definition 
Ascertain cases 

Verify the existence of an epidemic 

Organize a multidisciplinary team 

Identify disease control measures 

Describe the outbreak by person, time, and place 

Identify risk factors and mechanisms 

Develop tentative hypotheses and a plan 

Determine type of outbreak and critical exposure 
Hypothesize about mechanism of transmission 
Develop survey instruments 

Plan for administrative and logistical consider¬ 
ations 

Identify medical treatment resources 
Reevaluate control measures in place 


Test hypotheses 

Collect data and specimens 
Determine the need for additional studies and 
analysis 

Evaluate the adequacy of the case definition 
Establish criteria for deciding outbreak is under 
control 

Compare results to those of the published literature 
Finalize report with control recommendations 

Write an executive summary and prepare a 
complete report 

Evaluate effectiveness of control recommenda¬ 
tions 
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VERIFY THE DIAGNOSIS OR DEFINE THE PROBLEM 


An outbreak investigation is an iterative process 
that passes through distinct phases. An outbreak 
investigation begins with the recognition of a problem, 
usually cases with similar symptoms clustered in space 
and time. An alert observer must then call on the 
services of the public health system. The appointed 
investigator needs to obtain as much detailed in¬ 
formation as possible from the initial report. Cases 
of clinical illness should be fully described, to in¬ 
clude the type of symptoms, frequency of symp¬ 
toms, onset time, and duration of the illness. In 
some instances, the actual diagnosis is already 
known. On other occasions, only a collection of 
signs and symptoms is apparent. When the etiology 
is unclear, the differential diagnosis for the clinical 
presentation of symptoms and physical exam find¬ 
ings must be considered. Clinical clues and timing 
of onset can help narrow the possibilities. For example, 
the presence of blood and fecal leukocytes in diarrheal 
stools indicates an inflammatory process and limits 
the number of pathogens to be considered. The pres¬ 
ence of paresthesias or other neurological symptoms 
immediately suggests the possibility of a chemical 
intoxication from ciguatoxin, scombrotoxin, para¬ 
lytic shellfish poisoning, or mushroom poisoning. 
It is very important at this early stage to determine 
the type of studies (eg, smears, cultures, serologies, 
radiographs) necessary to verify the diagnosis. Ap¬ 
propriate laboratories should be made aware of the 
possible organisms, toxins, or other agents being 
considered because some will require special me¬ 
dia or special testing. 

Following this initial notification of a problem, 
two equally important determinations must take 
place: (1) verification of the diagnosis or at least 
definition of the problem and (2) verification of the 
existence of an epidemic. Often these two funda¬ 
mental steps will occur simultaneously. The order 
in which these two steps are listed in the investiga¬ 
tion process will vary, depending on the leader's 
preferences. Part of the complexity of launching and 
conducting an investigation of this type is the ne¬ 
cessity to organize and take action in multiple di¬ 
rections simultaneously. Delay in taking action 
could result in loss of important data. 

Establish a Case Definition 

After gathering the initial impressions, the inves¬ 
tigators must develop a workable case definition 
and begin case finding efforts. Simple, objective 
criteria are best. The type, magnitude, and fre¬ 
quency of symptoms, as well as their duration, must 


be quantified. Categorization of cases as possible, 
probable, or confirmed using type and number of 
symptoms, culture results, and other pertinent infor¬ 
mation will sometimes be useful in further refining 
the case definition. Case definitions for known diag¬ 
noses have been published by the CDC, 13 and the use 
of standard definitions allows for better comparisons 
between outbreaks. The case definition criteria must 
be applied consistently to all persons studied. Abroad 
case definition may be refined later but a very nar¬ 
row initial definition may miss cases. Consider the 
clinical spectrum of apparent illnesses being seen and 
whether this is a disease or condition in which a large 
number of asymptomatic cases are likely. Arriving at 
a clear case definition may sometimes be extremely 
problematic, as is best exemplified by the attempts to 
establish a case definition of "Gulf War syndrome." 14 
An accurate and sensitive case definition is essential 
to reduce misclassification and confounding when 
investigating potential exposure risk factors. 15 Epide¬ 
miologic investigation of outbreaks usually begins 
with identification of a distinct disease syndrome and 
proceeds to evaluation of risk factors using epidemio¬ 
logic methods. This is successful even with newly rec¬ 
ognized diseases such as toxic shock syndrome. 16 
Studies of Persian Gulf War veterans have been com¬ 
plicated because neither a distinct clinical picture nor 
distinct exposure risks are clear. 17 

Ascertain Cases 

Case finding efforts begin using the case defini¬ 
tion or definitions established. Investigators must 
start and maintain a line listing or log of all presumed 
cases. This log should include name, social security 
number, unit, sex, age, and other relevant informa¬ 
tion (eg, pending culture results). It is important to 
include a phone number or contact location for each 
presumed case on the list. Other possible sources 
of information for finding cases with the condition 
of interest should be considered. These sources 
might include medical records, emergency room 
logs, specific clinic logs, or laboratory records. A 
check on relevant quality control or quality assur¬ 
ance procedures in the laboratory, clinic, or other 
facilities should be done to rule out artifactual in¬ 
creases in numbers. On military installations, the 
surrounding civilian community should be checked 
for additional cases through queries to local physi¬ 
cians, clinics, or public health departments. Because 
of the mobility of the military population, cases may 
have been exposed in one location and have trav¬ 
eled elsewhere, even across continents, during the 
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incubation period. Cases of coccidioidomycosis, in 
a classic example, occurred as the result of expo¬ 
sure on military bases in endemic areas in Califor¬ 
nia but did not present until personnel traveled else¬ 
where. 18 In situations such as these, distant locations 
may need to be contacted. The need for a thorough 
travel history and an elevated level of diagnostic 
suspicion is key to case recognition. The case find¬ 
ing efforts may need to be broadened to the Offices 
of the Surgeons General in the Department of De¬ 
fense and to the CDC. Patients may even self refer 
once news of the outbreak and the investigation 
becomes known. The media can assist health au¬ 


thorities in informing the public and in directing 
the referral of possible cases for evaluation through 
its public service announcements. In military set¬ 
tings, cases may sometimes be found by using ques¬ 
tionnaires to screen units. Follow-up interviews and 
evaluations may be required to determine actual 
case status. For communicable diseases, finding the 
contacts of known cases may identify additional cases 
and provide other relevant information. Unrecognized 
cases, those with mild illness or who are asymptom¬ 
atic, may provide additional clues or supporting data 
concerning the presumed disease or hypothesized 
etiology. 


VERIFY THE EXISTENCE OF AN EPIDEMIC 


After describing, defining, and finding cases, then 
the question is whether the number of cases found 
constitutes an epidemic. Last defines an epidemic as 
the "occurrence in a community or region of cases of 
an illness... [or] health-related behavior or...event 
clearly in excess of normal expectancy. 19p54 A single 
case of an extremely rare or exotic disease, such as 
botulism poisoning, pulmonary anthrax, or Ebola in¬ 
fection, also constitutes an epidemic (and may indi¬ 
cate a biological terrorist event). To determine the 
usual level of disease occurrence, investigators must 
examine available historical data, such as medical 
records, clinic logs, and laboratory logs. Personally 
visiting sites such as the records department or the 
laboratory may lead to other useful data sources (eg, 
culture logs by body site of specimen source). Site vis¬ 
its will also provide a better understanding of the type 
and quality of the data available. To conclude that the 
current level of disease is excessive, investigators must 
first define the event and then compare the current 
rate with that of the past. Comparing the routine 
surveillance rates for skin disorder consultations for 
British troops in Bosnia disproved media reports of a 
serious outbreak. 20 The significance of possible 
differences can be depicted graphically and assessed 
statistically by testing differences of proportions or 
calculating confidence intervals. 

The limitations of the data or the data source af¬ 
fect the interpretation of the data. The ideal or pre¬ 
ferred morbidity measures for disease ascertain¬ 
ment should also be identified. The profound 
changes in the practice of medicine precipitated by 
the managed care movement make comparisons 
with historical rates problematic. Changes in access 
to care, referral patterns, test-ordering practices, 
hospitalization decisions, utilization management 
mandates, and other health management proce¬ 
dures can all affect the apparent incidence of dis¬ 
ease. 21 These changes in practice patterns decrease 


the utility of historical data, such as hospitalization 
rates, for assessing secular trends and identifying 
outbreaks. Investigators must judiciously determine 
if the epidemic is real or artifactual after assessing 
the situation, data sources, and practice patterns. 

Pseudoepidemics can also occur because of false¬ 
positive results of laboratory tests or from changes 
in personnel or administrative processes affecting 
the sensitivity of diagnosis. In the 1980s, an appar¬ 
ent outbreak of skin cancer occurred at Letterman 
Army Medical Center, as determined by inpatient 
admission statistics. However, it was an adminis¬ 
trative policy change directing that all patients with 
skin cancer be admitted for biopsy and excision that 
led to this artifactual epidemic (Kadlec RK. Walter 
Reed Army Institute of Research, 1989. Unpublished 
data). Specimen contamination in the microbiology 
laboratory has also been implicated in a number of 
"clusters" of multidrug-resistant tuberculosis. 
Newer techniques of molecular biology, such as 
pulsed-field gel electrophoresis (PFGE), may be 
used to detect these pseudo-outbreaks and document 
their extent and resolution. 22,23 The risk also exists 
of cross contamination in the molecular laboratory 
from contamination of polymerase chain reaction 
assays. The most serious dangers are contamination 
of specimens with postamplification products from 
previous analyses or contamination of negative spec¬ 
imens with controls or positive specimens. 24 Empha¬ 
sis on new and expanded surveillance programs for 
emerging infectious diseases has already been dem¬ 
onstrated to increase the potential for identifying 
pseudo-outbreaks, as occurred with cyclosporiasis 
in Florida and cryptosporidiosis in New York. 25 It 
is advisable to get confirmation by an appropriate 
reference laboratory early in any investigation of 
apparent clusters of emerging pathogens (see chap¬ 
ter 34, Laboratory Support for Infectious Disease 
Investigations in the Field). 
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ORGANIZE A MULTIDISCIPLINARY INVESTIGATIVE TEAM 


After the initial assessment has verified the di¬ 
agnosis (or at least delineated the problem) and veri¬ 
fied the existence of an epidemic, a multidisciplinary 
investigative team should be organized. The team 
may be organized from the staff available locally 
or may be a consultant team of experts invited to 
travel to the location of the epidemic. The follow¬ 
ing guidance can be applied to either a small local 
group of public health workers or to a large, expe¬ 
rienced consultant team. 

Composition of the Team 

The optimal composition of the team by type of 
expertise is key. Epidemiologists do not work alone, 
and cooperation between disciplines is essential to 
the success of the investigation. Physicians and 
nurses trained in preventive medicine need the ex¬ 
pertise of statisticians and scientists in sanitary en¬ 
gineering, environmental science, industrial hy¬ 
giene, health physics, entomology, microbiology, or 
toxicology, as the situation dictates. Clinical exper¬ 
tise in such areas as infectious diseases and neurol¬ 
ogy may be added, depending on the problem being 
investigated. Veterinary public health experts are 
critical to any investigation of possible foodborne 
disease outbreaks or zoonotic outbreaks. Appropri¬ 
ate laboratory expertise must be present from the 
outset to ensure the correct specimens are obtained 
and properly processed and that appropriate diag¬ 
nostic testing is used. New techniques in molecu¬ 
lar biology may be incorporated into the laboratory 
investigation, often at an off-site reference labora¬ 
tory. Addition of someone with medical informatics 
expertise will facilitate the proper planning for data 
entry, computer programming, and automated 
analysis of investigation results. Software packages 
designed for outbreak investigation (eg, Epi Info, 
CDC, Atlanta, Ga) may expedite data management 
and analysis. Frequently, the programming and 
analysis phase of the investigation will continue 
long after the field portion is completed. Logistic 
or supply experts may be needed for large, compli¬ 
cated operations, especially those conducted outside 
the United States. A public affairs representative or 
a media spokesman should be identified and made 
an integral part of the investigation team. For teams 
of outside experts, assignment of a key local staff 
member to be a liaison with the investigation team 
should help ensure command access and support. 

The team leader, who is responsible for organiz¬ 
ing and conducting the investigation, should be 


specified. The nature of the problem, the complex¬ 
ity and sensitivity of the situation, and the exper¬ 
tise, experience, and availability of potential lead¬ 
ers will determine who is given this responsibility. 
An additional senior person with experience in 
outbreak investigation may be identified to serve 
as an off-site consultant to the operation. The team 
leader should report daily to this consultant, and 
the consultant can help update other consultants, 
agencies, and commands outside of the local juris¬ 
diction. This will decrease demands on the time of 
the team leader. The senior consultant is also vital 
to obtaining any additional support (eg, personnel, 
equipment, supplies, references) required for the 
investigation, but this should not occur indepen¬ 
dently of the normal chain of command. 

Logistical Plans and Management 

The supplies needed by both local and outside 
investigative teams are similar, but logistical sup¬ 
port planning is more complicated for a nonlocal 
team. This section will discuss some of the logisti¬ 
cal issues that outside teams face. Documents re¬ 
quired in preparation for team travel may include 
government orders, country clearances, passports, 
international driver's licenses, immunization 
records, powers of attorney, credit cards, and prop¬ 
erty passes. Specific arrangements must be made 
for transportation of equipment and personnel on¬ 
site and lodging of the team. Members of the group 
may need additional immunizations and chemopro- 
phylactic medicines, as well as supplies of their 
personal medications. Diagnostic, laboratory, and 
automation equipment are usually essential. Sup¬ 
plies for human specimen collection and environ¬ 
mental specimen collection may be available locally; 
if they are not, they must be brought in by the team. 
Published references that discuss collection of labo¬ 
ratory specimens in specific types of outbreaks 
should be consulted. 26 Questionnaires, blank ros¬ 
ters, preprinted labels, key phone numbers, cellu¬ 
lar telephones, beepers, laptop computers, software 
programs, scanners, portable photocopy machines, 
digital cameras, and any other relevant specialized 
equipment should be included. Statistical references 
and disease-specific reference material are also im¬ 
portant. Exhibit 32-2 lists a basic supply package 
designed for the Army's Problem Definition and 
Assessment team, which must be able to deploy to 
the site of a public health crisis within 24 hours. 
The supply chain to be used for any future require- 
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EXHIBIT 32-2 

CONTENTS OF PROBLEM DEFINITION AND ASSESSMENT TEAM KIT 


Bag No. 1: Medical Equipment 

Stethoscope, sphygnomanometer, otoscope/ 
ophthalmoscope (1 each) 

Extra bulbs for otoscope/ophthalmoscope 
Extra batteries for othoscope/ ophthalmoscope (4 
large) 

Tongue depressors (50) 

Tempa dots (box of 100) 

Penlight (1) 

McArthur microscope and attachments (1) 
McArthur microscope instructions (1 set) 

Extra batteries for McArthur, size AA (8) 
Microscope slides, frosted end (300) 

Cover slips for slides (300) 

Immersion oil, 1 bottle 

Lens paper 

Slide holding box (2) 

Calculator, solar powered and case (1) 

Bag No. 2: Blood or Stool Specimen Collection 
Supplies 

Vacutainers, 13 cc red top with silicone separator 

( 100 ) 

Vacutainers, 7 cc green top (50) 

Vacutainer holders and tourniquets (6 each) 
Multidraw vacutainer needles, 20 g (125) 
Syringes, 20 cc (5) and hub needles, 21 g (10) 
Alcohol swabs and 2x2s (200 each) 

Band-Aids (100) 

Plastic Serum transport vials, 5cc (200) 

White labels, silk-type, marked PDA (200) 

Labels, silk-type, marked PDA (200) 

Polyethylene specimen bags, ziplock type (25) 
Perma markers for labeling specimens and plastic 
vials (6) 

Stool cups, carton-type (20) 

Sterile urine cups, plastic-type (20) 

Culturette, throat swabs (20) 

Biohazard bags (10) 

Gloves, 7 1/2" & 8 1/2" (10 each) 

Ammonia inhalant capsules (10) 

Parafilm sealant paper (1 roll) 

Filter paper for PCR of blood samples 
Sharps disposal boxes 
Centrifuge 
Transfer pipettes 


Freezer boxes 

Boxes to store and ship plastic vials 
Bag No. 3: Bacteriology and Parasitology Supplies 
Cary-Blair media in REMEL plastic tubes (50) 
Buffered glycerol saline in REMEL plastic tubes (50) 
PVA fixative in REMEL plastic tubes (50) 

3 cc syringe with 24 g (or 25 g) needle for leish 
aspiration (25) 

Blades, scalpel type for scraping of lesions 
NNN culture media in slants (20) 

Schneider's media in slants (20) 

Gram stain kit (1) 

CAMCO giemsa quick stain (1 bottle) 

Diff quick stain set (1) 

Methylene blue stain (1 box of squeeze type) 

Stain jars (3), forceps (1) and paper towels (1 small 
roll) 

Distilled water, 100 cc (1 bottle) 

Sterile saline, 5 cc (10 glass vials) for leish aspira¬ 
tion (without Na Azide) 

Normal saline in dropper bottle (1) 

Methanol, 100 cc (1 bottle) 

Plastic squeeze type bottles for use in washing 
slides, 100 cc (2) 

Na Azide, 15%, preservative for serum preservation 
(1 bottle) 

One set of Gram stain and Diff quick staining 
instructions 

One set of REMEL kit instructions 

One set of leishmania aspirate/smear instructions 

Bag No. 4: Forms and Administrative Supplies 
Rubber bands (1 bag) 

Notebook and notepad (1 each) 

Pencils, sharpened (20) 

Questionnaires, postdeployment type (400) 
Questionnaires, febrile illness type (100) 

Clinical flow chart and lab sheets (20 each) 

Medical surveillance report forms, two-sided (200) 

Daily and weekly medical surveillance summary 
forms (200 daily, 50 weekly) 

Medical surveillance instruction sheets (50) 

PDA team booklet (1 copy) 

Laptop Computer (1) with Case 
Portable printer (1) with printer paper 
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merits should be determined. Local administrative 
support for generating rosters, typing, photocopy¬ 
ing, or just answering the phone should be re¬ 
quested before the team arrives. The local laboratory 
should be consulted about the team's need for work 
space, laboratory space, centrifuges, freezer space 
for specimens, dry ice, liquid nitrogen, and ship¬ 
ping assistance. Any local staff support needed for 
key tasks such as venipuncture and aliquotting 
should also be discussed. The extent of local sup¬ 
port available may affect the size and composition 
of the team and the need for off-site laboratory sup¬ 
port. The team leader should determine which refer¬ 
ence laboratory will be used for more sophisticated 
requirements. 

Leadership and management skills are key to the 
success of the scientific investigation. It is critical 
for the team leader and team members to conduct 
the investigation in a calm, methodical manner even 
though decisions may need to be made quickly and 
actions taken promptly. Team members must resist 
the impulse to jump to premature conclusions in 
response to the intense pressure to solve the prob¬ 
lem immediately. The possibility of a second wave 
of cases should be kept in mind before the team 
quickly declares the outbreak over. If new cases do 
continue to occur, the pressure on the team to find 
the cause and end the outbreak will dramatically 
increase. Departure dates should not be set until it 
becomes apparent how both the epidemic and the 
investigation will unfold. 

The leader must assign areas of responsibility to 
team members in accordance with their expertise 
and identify locations for work space. A list of 
phone numbers and beeper numbers for team mem¬ 
bers and work sites should be established and ex¬ 
changed. A time and location for team meetings 
should be determined. These should be held at least 
daily and probably twice daily initially. The lead¬ 
ers should make a task list with assignments for 
follow-up and track status reports at subsequent 
meetings. All decisions made at these meetings, 
such as case definitions to be used or source and 
type of controls needed, should be recorded. 

IDENTIFY DISEASE 

When feasible, disease control measures should 
be implemented immediately after determining the 
nature of the problem and that an epidemic is on¬ 
going. The initial control measures are intended to 
keep the outbreak from spreading and to limit its 
impact on the population. Examples of control mea¬ 
sures prescribed to individual susceptible persons 


The investigation should be organized both with 
the big picture in mind and with very close attention 
to the details—the details may provide important 
ideas. It is also essential to be tactful when obtaining 
detailed information because the existence of an epi¬ 
demic is a source of potential embarrassment. Some 
epidemics will have major economic and political 
ramifications. Careful judgement about the release of 
preliminary results is thus vital. Diplomacy will be 
needed to establish and maintain cooperation from 
the many groups within the community. 

A local staff member must be put in charge of 
media relations and determine what information 
has already been given to the press. The team leader 
should not be the spokesperson. The public affairs 
director should attend team meetings and ensure 
all press releases are cleared by the team leader and 
local command authorities. Likewise all news re¬ 
leases and statements to the press should be given 
to each member of the investigative team. Only 
objective, factual information should be released; 
the release of preliminary information should be 
avoided. The rationale for any emergency control 
measures should be explained. Some situations may 
warrant setting up an emergency hot line to answer 
questions. Hot line operator staff must be trained 
to provide consistent information to all callers. 

The military chain of command and the respon¬ 
sible public health authorities do not change when 
an outbreak occurs. Authority to ban food sources 
and to close dining facilities, swimming pools, oper¬ 
ating rooms, and other such facilities remains with 
the local commander acting on the guidance of the 
local preventive medicine officer. The investigation 
team serves as a consultant and makes recommen¬ 
dations to the local commander. Investigation team 
members are subordinate to the designated team 
leader. Local preventive medicine staff should be 
integrated functionally with the investigation team 
to conduct the investigation. The team leader 
should have an initial in-briefing with the local com¬ 
mander, provide interim updates as the situation 
dictates, and provide an out-briefing before the 
team leaves. 

CONTROL MEASURES 

at risk would include the use of immune globulin 
during hepatitis A outbreaks, use of rifampin as 
chemoprophylaxis for meningococcal meningitis, 
use of penicillin to prevent streptococcal disease, 
and initiation of case isolation or contact notifica¬ 
tion. Examples of general control measures include 
reinforcing handwashing recommendations and 
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changing food preparation processes. In some situa¬ 
tions, seizing raw materials (eg, drugs, food), closing 
an establishment (eg, restaurant, pool), or issuing 
an advisory to boil water may be warranted. Envi¬ 
ronmental interventions, such as mosquito or rodent 
control, may also be indicated. Control measures 
should be tailored to the situation and may be as 
simple as restricting movements of the population 
at risk or temporarily discontinuing new trainee 
arrivals, as was required by varicella outbreaks in 
at the Defense Language Institute at Lackland Air 

DESCRIBE THE OUTBREAK BY 

Studying the distribution of the disease or condi¬ 
tion in the affected population begins with a detailed 
description of the outbreak in terms of person, time, 
and place. Hippocrates was among the first to note 
the importance of this triad in his paper Air, Wa¬ 
ters, Places. 28 

Orient the Outbreak to Person 

The first task is to identify the population at risk. 
This is done by characterizing the population mem¬ 
bers by age, race, sex, occupation, military unit, or 
other demographic grouping. If the outbreak ap¬ 
pears to be associated with a special event, rosters 
of attendees must be obtained from the event orga¬ 
nizers. Within this population, the nature of the risk 
may be seen in the presumed intensity of exposure. 
The likelihood of transmission should be consid¬ 
ered both within and beyond this population. Not¬ 
ing who has been spared often provides important 
clues for formulating a hypothesis on the cause of 
the outbreak. Factors affecting the population at risk 
to be considered include the extent of migration into 
and out of the group. 

Subjects for evaluation must be selected from 
within the population at risk. These should include 
both cases of the disease under investigation and 
controls or persons with no symptoms of disease. 
Both cases and controls should have had the op¬ 
portunity for exposure to suspected risk factors. 
Controls should also be susceptible to the condi¬ 
tion of interest. The team must decide if it will study 
all of the targeted population or just a particular 
subset or sample. A method will have to be decided 
on to choose an appropriate sample, depending on 
the circumstances of the outbreak and the popula¬ 
tion (see chapter 33, Epidemiologic Measurement: 
Basic Concepts and Methods). Alternatively, inves¬ 
tigators could select one or more matched or un¬ 
matched controls for each case. 


Force Base in San Antonio, Tex. 27 Implementation of 
control measures will often require coordination 
with other agencies, such as major commands, civil¬ 
ian health departments, or the Food and Drug Ad¬ 
ministration (to hold or recall commercial items). The 
effectiveness of any disease control measures imple¬ 
mented by local health authorities or recommended 
by the investigation team will need to be evaluated 
as the investigation proceeds. Control measures 
should then be added or the existing ones altered, as 
indicated by the evaluation. 

PERSON, TIME, AND PLACE 

Although it is not the job of the team to provide 
clinical care for cases, it is of the utmost importance 
for clinician team members to conduct a personal 
interview and evaluation of at least a few cases in 
the early phase of the investigation. This will assist 
in verifying the diagnosis and in subsequent plan¬ 
ning of specific objectives for data collection and 
analysis. Team members should ask those being 
interviewed what they think caused the outbreak, 
since they may have surprising insight and will fre¬ 
quently provide additional, pertinent information. 

Attack rates of disease in the population at risk 
should be estimated based on the interview data 
from cases, providers, and others. Rates of disease 
by substrata are also very useful. Investigators 
should always examine attack rates by militarily 
relevant groupings, such as unit, barracks, training 
site, military job specialty, and rank (eg, officer ver¬ 
sus enlisted). In foodborne outbreaks, attack rates 
for those who did and did not eat specific food items 
will be used for formal hypothesis testing. 

Orient the Outbreak in Time 

Viewing graphic displays of epidemic curves or 
flow charts may yield important conclusions about 
the outbreak, such as whether it is a common source 
event or whether transmission is ongoing. Corre¬ 
lating both time and place on spot maps can show 
secular trends of waves of illness moving across a 
community. The epidemic curve should be plotted 
using a histogram to quantify the number of cases; 
this will graphically display the outbreak. Cases 
meeting the previously determined case definition 
are plotted by date of symptom onset, with the X 
axis depicting time and the Y axis showing number 
of cases. The first case recognized is sometimes re¬ 
ferred to as the index case if this case is thought to 
have introduced the organism into the population. 
From this curve, the incubation period of known 
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diseases can be used to determine a range estimate 
for the time of exposure. Alternatively, the incuba¬ 
tion period of an unidentified disease may be cal¬ 
culated from the time of symptom onset and a time 
of known probable exposure from a unit event. 
Other important characteristics of cases can be an¬ 
notated on a histogram of the epidemic curve by 
designating specific symbol notations to indicate 
cases who are asymptomatic, work as food han¬ 
dlers, have positive cultures, or have died. Arrows 
may be used to note on the graph the arrival of the 
investigation team and the application of any con¬ 
trol measures. A frequency polygon is sometimes 
used instead of a histogram to depict distribution 
of data from two or more categories. 

Investigators must assess evidence for transmis¬ 
sion patterns from the time distribution of cases. 
Certain patterns indicate a specific type or mode of 
transmission. Figure 32-1 depicts a common source 
outbreak of Shigella dysenteriae infection among 
hospital staff members. 29 Common source epidem¬ 
ics occur when a population is exposed to a patho- 



Feb 


Mar 

Date of Onset 


Figure 32-1. This is a graph showing the cases of hospi¬ 
tal-associated infection with Shigella dysenteriae by date 
of onset and culture result. (Four cases with unknown 
date of onset have been excluded.) These cases occurred 
in the Bethesda Naval Hospital, Maryland. No index case 
was identified. Five food handlers with illnesses meet¬ 
ing the case definition had onset of symptoms concur¬ 
rent with other cases. 

Source: Centers for Disease Control. Hospital-associated 
outbreak of Shigella dysenteriae type 2—Maryland. 
MMWR. 1983;32:250-252. 


gen spread by a vehicle such as food or water at a 
single event or within a short period of time. Cases 
occur rapidly after the first onset, reach a peak, and 
then decline because of the relative uniformity of 
the incubation period. The rapid rise with a tight 
temporal clustering of cases and subsequent fall of 
the epidemic curve is compatible with a point 
source. The epidemic curve of a common source 
epidemic follows a log-normal distribution. The 
median incubation period for a common-source, 
single-event epidemic can be determined by find¬ 
ing on the histogram the time at which 50% of the 
cases have occurred. The approximate time of in¬ 
fection can be determined by subtracting the aver¬ 
age incubation period in hours or days from the 
time at which the median case is located on the epi¬ 
demic curve. 

In some outbreaks, the common source may con¬ 
tinually or intermittently expose the population, 
resulting in an epidemic curve from multiple expo¬ 
sures at different times. The distribution of cases 
will continue over a protracted period of time, and 
interpreting the curve will be more complex. These 
outbreaks may be referred to as a common-source, 
multiple-event epidemic. Epidemics resulting from 
person-to-person transmission will be reflected in 
an epidemic extended over a number of incubation 
periods. The curve will show a clustering of cases 
but with a relatively gentle upslope, and, after sev¬ 
eral generations of cases, an eventual decline in 
cases will occur. Figure 32-2 depicts a person-to- 
person outbreak of respiratory disease at Fort 
Leonard Wood, Mo, with seasonal variation and the 
effect of bicillin applied as a control measure. 30 An 
epidemic curve can have a mixed pattern if the ini¬ 
tial transmission occurs via exposure to a common 
source but subsequent transmission is person-to- 
person. 

Creating flow charts is useful to trace a chain of 
infection associated with the cases. Concentrating 
on the earliest cases may help pinpoint the precipi¬ 
tating event. Determining who the earliest cases 
were may help explain how the disease was intro¬ 
duced into the setting. Also, evaluation of unusual 
or atypical cases may provide additional clues. But 
investigators must beware of red herrings. In the 
shigella outbreak depicted in Figure 32-1, a hospi¬ 
tal staff dining facility was implicated as the source. 
However, case ascertainment identified one culture¬ 
positive case with the same uncommon strain who 
had no exposure to the staff facility but had eaten 
at a small cafe in the same institution. No other cases 
were traced to that cafe. On additional questioning, 
the cafe staff remembered borrowing lettuce and 
tomatoes at the end of the day from the implicated 
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Figure 32-2. This graph shows the rates of hospitalization for acute respiratory diseases for Army trainees at Fort 
Leonard Wood, Mo, from July 1987 through April 1988. The dashed line represents the percent of recovery of group 
A p-hemolytic streptococcus (GABHS) from the trainees. Prophylaxis with benzathine penicillin was started in March 
1988 as a response to the outbreak and is noted on the graph. GABHS recovery rapidly declined following initiation 
of benzathine penicillin prophylaxis, which effectively controlled the outbreak. The acute respiratory disease rate 
also declined following initiation of penicillin prophylaxis. 

Source: Centers for Disease Control. Acute rheumatic fever among Army trainees—Fort Leonard Wood, Missouri, 
1987-1988. MMWR. 1988;37:519-522. 


dining facility. Further analyses implicated salad 
served at the dining facility as the vehicle of trans¬ 
mission. Exhibit 32-3 lists possible reasons for ex¬ 
posed persons not becoming ill and for nonexposed 
persons who appear ill. 31 

Evidence must be assessed for chronological dis¬ 
tribution of disease. Recurrent cycles of epidemics 
allow investigators to calculate the generation time. 
Seasonality may affect rates of certain diseases such 
as influenza. Investigators must be careful interpret¬ 
ing secular trends, however, because small numbers 
may affect data analysis. Disease rates character¬ 
ized by time may also vary with the provider's en¬ 


thusiasm or the resources available to help detect 
and report disease. Changes in personnel, clinical 
practices, reporting procedures, data collection 
forms, or case definitions may all alter the appar¬ 
ent rates of disease. 

Orient the Outbreak to Place 

The pattern of disease should be described by 
determining the location of quarters, work, and rec¬ 
reation and noting geographic distribution of cases by 
creating a spot map. The dimension of time can be added 
to place with the use of colored pins. Biological, 
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EXHIBIT 32-3 

POSSIBLE EXPLANATIONS 
FOR INACCURATE MEASURES 
OF ASSOCIATION 


Endemic background cases 
Errors in case definition 
Individual susceptibility and immune status 
Exposure to insufficient dose and inoculum 
Cross contamination between potential vehicles 
Exposure to vehicle contaminated in another way 
Misclassification of exposures 

Technical errors 

Untruthful or inaccurate responses 

Secondary person-to-person transmission 

Adapted with permission from Guidelines for the Estab¬ 
lishment of Systems for the Epidemiological Surveillance of 
Food-borne Diseases and the Investigation of Outbreaks of Food 
Poisoning. Pan American Health Organization. Division 
of Communicable Diseases Prevention and Control. 1993. 


chemical, physical, or climatic factors affecting the 
environment should be included. Geographic infor¬ 
mation software may help plot space-time charac¬ 
teristics. Preparing and maintaining an outbreak 
investigation kit with supply items routinely 
needed for most environmental investigations will 
assist investigators in performing timely on-site 
evaluations. 

Investigators should consider case clustering by 
source of food, water, milk, ice, or shellfish. If 
foodborne disease is under consideration, an on¬ 
site inspection of all facilities potentially associated 
with the outbreak is appropriate. Any problems in 
air quality, food sanitation, water sanitation, or hy¬ 
giene practices should be identified. Utensils, 
equipment, filters, and surfaces used in preparing 
the food or other suspect vectors should be cultured. 
Leftover foods should be set aside for possible labo¬ 
ratory analysis. 32 Water should also be considered 
as a possible etiologic agent at the outset. Too often 
water and ice are only considered as a potential 
source of contamination after food has been ruled 
out as the cause. The time factor is crucial to ensure 
rapid collection and culture of food, water, ice, and 
other environmental samples before food or ice 
have been consumed or thrown away or water lines 
have been superchlorinated. In a large outbreak of 


campylobacteriosis in 1990 at Fort Knox, Ky, the 
investigation team hypothesized that sludge and 
dead birds found in a water storage tower were as¬ 
sociated with infection. The tank was disinfected 
and refilled before culturing of the suspect water 
and sludge could be accomplished. 33 Investigators 
always look for inadequate health practices, such 
as improper handwashing or food handling prac¬ 
tices and recent procedure changes; the adequacy 
of training and supervision of workers should also 
be evaluated. Microbiological or chemical contami¬ 
nation can occur at numerous points, and investi¬ 
gators may need to examine multiple sequences of 
events or look for a unique order of events to find 
the cause. Correlation of time and temperature at 
each stage of food processing should help identify 
the critical point. 

Samples of water should be collected directly 
from the source, from storage tanks, and from high 
and low points of the distribution system, in accor¬ 
dance with standard methods. 34 Characteristics to 
be measured include temperature; pH; turbidity; 
and free, combined, and total residual chlorine. 
Bacterial examinations for potable water should 
include total organisms of the coliform group, in¬ 
dicative of fecal contamination, and a standard plate 
count (heterotrophic plate count) because large bac¬ 
terial populations may suppress the growth of 
coliforms. Turbid waters may contain particles with 
embedded bacteria protected from contact with 
chlorine. This may also contribute to coliform mask¬ 
ing. The absence of coliforms does not ensure the 
absence of viruses, protozoa, or helminths, which 
may be more resistant to chlorine treatment than 
fecal bacteria. Norwalk virus and the related small 
round structured viruses, which are very resistant 
to chlorine, are a major cause of acute nonbacterial 
gastroenteritis in adults. 35 Protozoa such as Giardia 
lamblia, Entamoeba histolytica, and Cryptosporidium 
species have also been implicated in waterborne 
outbreaks. 36 Plumbing cross connections between 
potable water and contaminated water, loss of posi¬ 
tive line pressure, line breaks, and line repairs may 
allow bacterial contamination. Spot maps of water 
distribution lines and points may provide insight 
on potential areas for contamination. 

The on-site inspection is vital to the environmen¬ 
tal evaluation of any outbreak associated with a 
military field setting. A broad knowledge of mili¬ 
tary food technology and field water supply options 
is essential for preventive medicine staff. Investi¬ 
gators must carefully identify all local sources of 
food and all types of rations served in the field: A, 
B, T, or Meals Ready to Eat (MREs). Food purchased 
from the local market in foreign countries may re- 
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quire specific washing and disinfection before con¬ 
sumption. MREs, a foil-wrapped ration packaged 
in a laminate pouch, have been the main operational 
ration used by the Department of Defense since they 
replaced the C-ration in 1983. Although MREs have 
been found to be extremely safe, contamination 
could occur at the manufacturing and processing 
plants or if a break in package integrity occurs. In¬ 
vestigators must determine the lot number, storage 
temperature, and transport history for all meals 
consumed in the field. The time of storage should 
be evaluated in relation to safety recommendations. 
An outbreak of disease caused by Staphylococcus 
aureus in a reserve unit, which was caused by ham 
that had been stored for more than 4 hours in 
mermite transport containers, is a typical example 
(JNL, unpublished data, 1993). Investigators must 
obtain samples from all points of the field water 
distribution system: the supply pipe line, water 
trailers, water buffaloes, and individual canteens. 
They must also document in detail the exact decon¬ 
tamination, disinfection, and chlorination proce¬ 
dures used for the water. Then they must assess the 
availability of soaps, brushes, and handwashing 
sites for personal hygiene. It is also critical to re¬ 
view trash management and waste disposal prac¬ 
tices and note any unusual aspects of the location 
altitude and topography. The distance should be 
measured between field kitchens, water sources, 
sanitation centers, laundry lines, soakage pits, and 
garbage pits. 

Depending on the outcome of the environmental 
evaluation, additional clinical specimens may be 
required for testing, for ova and parasite examina¬ 
tions, or for heavy metals or toxin analysis. Environ¬ 
mental samples must be obtained, transported, and 
labeled properly. If airborne transmission is of con¬ 
cern, measurement of ventilation rates, adequacy 
of fresh make up air, and space per occupant should 
be considered. Air tracer studies with smoke or oil 
of wintergreen may be useful. Presence of fungal 

IDENTIFY RISK FACTl 
Frequency Measures and Severity Assessment 

After completion of initial assessments, a few 
cases can be described clinically, incorporating 
quantitative details obtained by interviewers char¬ 
acterizing symptoms. Organizing frequency of signs 
and symptoms by percentage of cases may help 
clarify the disease causing the outbreak. The clini¬ 
cal picture, laboratory results, or estimate of the 
incubation period from the epidemic curve should 
help to identify the disease. See Tables 32-1 through 


growth could be significant. The limitations of en¬ 
vironmental testing methods by sensitivity and 
specificity, as well as reliability, need to be noted. 

An interview and clinical evaluation of workers 
is frequently a key part of the environmental evalu¬ 
ation of foodborne or waterborne outbreaks, noso¬ 
comial epidemics, or other occupational cluster 
outbreaks. Food handlers, health care staff, or other 
workers may be case victims as well as vectors. 
History of recent illnesses with symptoms compa¬ 
rable to the outbreak cases should be carefully ob¬ 
tained because workers are often the earliest cases 
and may or may not be vectors. Investigators should 
examine workers for skin lesions on the hands, 
arms, face, and neck and evaluate them for infec¬ 
tion of the respiratory or gastrointestinal tract. Ap¬ 
propriate laboratory specimens, as determined by 
the presumptive diagnosis, should be obtained from 
the nasopharynx, throat, hands, or rectum of work¬ 
ers. Interviews should determine in detail the chro¬ 
nological handling of the food, ice, medicine, and 
other pertinent materials from time of entry until 
exit from the facility. Food handlers should also be 
queried concerning their consumption of food and 
drink. 

Team members must identify any potentially 
critical events occurring in the environment before 
and during the outbreak. Examples include picnics, 
parties, sewage spills, field training exercises, con¬ 
struction, floods and heavy rains, and by-passes of 
the water filtration system. Obtaining detailed in¬ 
formation on seemingly irrelevant details, such as 
recent replacement of pipes in sewage lines or pres¬ 
sure changes due to testing of boilers, may provide 
the crucial details for unraveling the mechanism of 
transmission. Six years of drought followed by un¬ 
usually heavy rains and snows in the spring of 1993 
are thought to have contributed to an abundant food 
supply for the deer-mouse that was ultimately 
linked to the recognition of hantavirus pulmonary 
syndrome in North America. 37 

S AND MECHANISMS 

32-3 for a chart of etiological agents in foodborne 
diseases with their known incubation periods and 
their associated clinical syndromes. Diagnosis of the 
disease, number of symptomatic cases, and laboratory 
results help investigators estimate the symptomatic- 
to-asymptomatic ratio. Even asymptomatic cases 
are relevant because they help accurately discriminate 
cases from susceptible noncases, thus assisting in 
the rapid development of a tentative hypothesis. 
Epidemiologists use morbidity measures, such as inci¬ 
dence, prevalence, and attack rates, to quantitatively 
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Listeria monocytogenes 

a. Invasive disease 2-6 wk Meningitis, neonatal sepsis, fever Isolation of organism from normally sterile site 

b. Diarrheal disease Unknown Diarrhea, abdominal cramps, fever Isolation of organism of same serotype from stool of two or more ill persons exposed to 

food that is epidemiologically implicated or from which organism of same serotype has 
been isolated 
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food, provided specimen properly handled 

15. Yersinia enterocolitica 1-10 d, usually Diarrhea, abdominal pain (often severe) Isolation of organism from clinical specimen of two or more ill persons 

4-6 d OR 

Isolation of pathogenic strain or organism from epidemiologically implicated food 
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Demonstration of toxin in epidemiologically implicated mushroom or mushroom-containing food 
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SAT: standard agglutination titer 
SRSV: small round-structured viruses 
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describe disease or injury among a population. At¬ 
tack rates by sex, military unit, residence, or other 
factors may provide helpful clues. Ideally all mem¬ 
bers of a denominator should be eligible to enter 
the numerator in a rate calculation. For example, 
only persons susceptible to hepatitis A should be 
in the denominator of a hepatitis A attack rate. The 
investigators must calculate secondary attack rates 
in unit members, family members, or contacts of ill 
service members who had no exposure to the pre¬ 
sumed primary event or source. Attack rates by his¬ 
tory of food and drink consumption play a key role 
in the investigation of foodborne and waterborne 
outbreaks. 

Severity can be assessed by calculating the days lost 
from training, work, or duty as disability days or 
by the duration of hospitalization. In severe disease 
or injury clusters, case fatality rates and mortality 
rates will also be used and should be compared with 
those in the literature for the specified condition. 
In all rates, the definition of a case and the limita¬ 
tions of the data source must be specified. This is 
especially critical when using medical records to 
identify quantitative measures. 

Epidemiologic Measures of Risk 

To establish risk factors, a variety of epidemiologic 
measures of risk are available. Either chi-square or 
Fisher's exact test is used to test the association 
between categorical variables. Relative risk calcu¬ 
lated for a cohort is the critical measure for assess¬ 
ing the etiological role of a factor in a disease. The 
relative risk reflects the excess risk in the exposed 

DEVELOP TENTATIVE E 

The information gathered to this point by the 
investigation team should be sufficient to allow 
them to formulate a tentative hypothesis and fur¬ 
ther refine the investigation plan. 

Determine Type of Outbreak and Critical Exposure 

The type of outbreak—point or continuing com¬ 
mon source, person-to-person propagation, or 
mixed—should be evident from the epidemic curve. 
Initial case interviews and the environmental inves¬ 
tigation may have identified a presumed critical 
exposure at an event or from a particular source. 
Synthesizing facts on the epidemiology and clini¬ 
cal characteristics of a disease, host factors, role of 
vectors, and importance of reservoirs should lead 
to a presumed mechanism of transmission. A ten¬ 
tative theory (or theories) that explains the observed 


group when compared with the unexposed group. 
The risk or attack rate in an acute outbreak setting 
in the exposed group is divided by the risk or at¬ 
tack rate in the unexposed group. Case-control stud¬ 
ies are often used in outbreak investigations as a 
means to identify significant risk factors. For case- 
control studies, the excess risk cannot be measured 
directly because the exact denominator population 
(needed to calculate attack rates) is not known. The 
odds ratio is the most commonly used measure of 
risk for case-control studies. The odds ratio calcu¬ 
lated from a standard 2x2 table is ad/be and from 
a matched case-control study is b / c. Fisher's exact test 
is used when any of the expected values for a 2 x 2 
contingency table is less than five. 38 Chi-square or 
Fisher's exact test can be used to assess the signifi¬ 
cance of observed effects against the null hypothesis. 
Confidence intervals can also be calculated for rela¬ 
tive risk or odds ratios to determine if the measure 
includes or excludes 1.0. 

Attributable risk examines the contribution of an 
exposure to the frequency of a disease in a popula¬ 
tion. In an epidemic, it is expected that most of the 
cases become ill because of an exposure to the im¬ 
puted risk factor. The population attributable risk 
percentage represents the proportion of disease in 
a population attributable to an exposure. It reflects 
both the relative risk and the frequency of the fac¬ 
tor in the population. It can be calculated by sub¬ 
tracting the risk in the unexposed from the risk in 
the exposed and then dividing by the risk in the 
exposed. This fraction, called the etiologic fraction, 
would then be multiplied by 100 and reported as a 
percentage. 

OTHESES AND A PLAN 

pattern of disease in a given environmental situa¬ 
tion should have surfaced. Initially several broad 
hypotheses may be under consideration. 

Hypothesize About Mechanism of Transmission 

The complexity of our global community will 
make identification of risk factors and mechanisms 
of transmission extremely difficult. The shifting 
epidemiology of foodborne diseases in the United 
States during recent years caused by changes in 
food production and distribution methods warrants 
additional discussion. 39 The traceback of an Escheri¬ 
chia coli 0157H outbreak implicating meat is an ex¬ 
ample. The traceback might take investigators from 
a dining facility to a distribution center to a meat 
processing plant to a boning and packaging plant 
to a slaughter plant to feed lot auctions to individual 
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ranchers. 40 Along the way, meats from multiple 
sources are mixed, and contamination could occur 
at many points in this complex chain. The largest 
(224,000 cases) common-vehicle outbreak of salmo¬ 
nellosis ever recognized in the United States impli¬ 
cated a nationally distributed brand of ice cream 
by a company that provided home delivery. Investi¬ 
gators found that cross-contamination of pasteurized 
ice cream premix occurred during transport in tanker 
trailers that had previously hauled nonpasteurized 
liquid eggs containing Salmonella enteritidis.* 1 Exten¬ 
sive tracebacks to identify the source of a pathogen 
are most useful when the implicated vehicle is ei¬ 
ther novel or has a long shelf life. The increase in 
foreign travel and the internationalization of the 
market for food supplies and other commerce also 
vastly complicates investigations. 42 Implicated in a 
1997 outbreak of hepatitis A were contaminated 
strawberries imported from Mexico that were dis¬ 
tributed to at least six states. 43 Military investiga¬ 
tors must be prepared to deal with multinational 
outbreaks and should not be surprised to identify 
novel vehicles, new mechanisms, or an unusual 
chain of events contributing to the occurrence of 
outbreaks. 

The possibility of sabotage or purposeful con¬ 
tamination should always be considered. A single 
act of terrorism that contaminates a water supply 


can place an entire force at risk. Identification of 
unusual diseases or rare strains may be the first in¬ 
dication of an unnatural event. A gastroenteritis 
outbreak of Shigella dysenteriae type 2, which is rare 
in the United States, occurred in 1996 following the 
removal of a stock culture of the organism from a 
medical center's laboratory. Health care workers at 
the medical center became ill after eating food that 
had been maliciously contaminated. 44 If the terror¬ 
ists do not make demands or claim responsibility, 
as was the case in this outbreak, it may be extremely 
difficult to recognize that the contamination of food 
or water did not occur naturally. Another example 
of sabotage that was initially unrecognized was the 
largest foodborne outbreak reported in the United 
States in 1984. 45 Evidence obtained in an indepen¬ 
dent criminal investigation was essential to deter¬ 
mining that members of a religious commune had 
intentionally contaminated restaurant salad bars 
with Salmonella typhimurium. Good laboratory work 
helped demonstrate that the Salmonella type was 
one found in a reference type collection rather than 
a strain more typically found in general circulation. 
This outbreak also demonstrates the vulnerability 
of self service foods to intentional contamination. 
Although recognition of an outbreak caused by a 
biological warfare attack can be quite challenging, 
a number of indicators listed in Exhibit 32-4 should 


EXHIBIT 32-4 

INDICATIONS OF POSSIBLE BIOLOGICAL WARFARE ATTACK 

A disease entity (sometimes even a single case) that is unusual or that does not occur naturally in a given 
geographic area, or combinations of unusual disease entities in the same patient population 

Multiple disease entities in the same patients, indicating that mixed agents have been used in the attack 

Large numbers of both military and civilian casualties when such populations inhabit the same area 

Data suggesting a massive point-source outbreak 

Apparent aerosol route of infection 

High morbidity and mortality relative to the number of personnel at risk 
Illness limited to fairly localized or circumscribed geographical areas 

Low attack rates in personnel who work in areas with filtered air supplies or closed ventilation systems 
Sentinel dead animals of multiple species 

Absence of competent natural vector in the area of outbreak (for a biological agent that is vector-borne in 
nature) 

Source: Wiener SL, Barratt J. Biological warfare defense. In: Trauma Management for Civilian and Military Physicians. Phila¬ 
delphia: WB Saunders; 1986. 
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suggest the possibility. 46 The disease pattern is an 
important factor in differentiating between a natu¬ 
rally occurring outbreak and a terrorist attack. 47 
Terrorist objectives may include inducing a large 
number of cases, so health care workers may see 
many cases presenting simultaneously. This com¬ 
pressed epidemic curve with a very high case-to- 
exposure rate contrasts with the more gradual rise 
in disease incidence expected in most naturally oc¬ 
curring epidemics. Animals may also be affected by 
biological or chemical warfare attacks. Disease may 
appear in unexpected geographic areas that lack the 
normal vector for transmission. Unusual clinical 
presentations may occur because of a combination 
of agents or altered routes of transmission induced 
by the saboteur. The accidental release of aero¬ 
solized anthrax from a Russian biological weapons 
facility in 1979 resulted in respiratory instead of 
cutaneous disease, and the location of cases fol¬ 
lowed a distinctive downwind pattern from the site 
of release. 48 Anthrax continues to be considered as 
a biological warfare agent. The Aum Shinrikyo cult 
members arrested following the sarin attack in a 
Tokyo subway were also conducting research on 
anthrax and botulinum toxin. 12 Drone aircraft 
equipped with spray tanks found in the cult's arse¬ 
nal made the potential for aerosolization of these 
agents a real threat. Some terrorist actions may be 
recognized only when first responders become sec¬ 
ondary cases from toxic gas exposure. Thirteen of 
fifteen emergency room doctors treating victims of 
the sarin attack in Japan noted onset of their own 
symptoms while they were resuscitating victims. 49 
Simultaneous outbreaks of multiple agents should 
also raise suspicion of biological terrorist etiology. 

Identification of risk factors for the formulated 
hypothesis should determine the need for more 
specialized tests or for outside expert consultation 
in the appropriate field, be it medicine, engineer¬ 
ing, entomology, or other fields. The differential 
diagnosis should be further narrowed, and the col¬ 
lection of the optimal source and type of specimens 
should be started, if not already underway. See 
chapter 34 for collection, transport, and processing 
considerations. Laboratory and field instruments 
must be calibrated. The specific laboratory desig¬ 
nated to support the investigation should be fully 
aware of the tentative hypotheses of the team. 

Develop Survey Instruments 

Investigators should incorporate standard meth¬ 
ods for designing questionnaires used for detailed 
risk factor interviews. 50 The instrument must 


achieve the specific objectives of the investigation. 
Items should be simple and unambiguous. Included 
should be exposure information and demographic 
factors, as well as clinical history and host factors 
that may affect risk. Any potentially relevant history, 
including such factors as chronic disease, nutrition, 
housing conditions, crowding, work locations, job, 
stress, pets, source of food, and source of water, 
should be obtained. The possibility of exotic house 
pets (eg, iguanas, snakes, hedgehogs, ferrets) or 
stray animals adopted in the field may be impor¬ 
tant. A site visit and some preliminary interview¬ 
ing in the early designing of the questionnaire will 
improve the sensitivity and specificity of the instru¬ 
ment. Leading questions and lengthy surveys 
should be avoided. Survey design must take into 
account the coding scheme for entering the data into 
a database and whether data entry will occur in the 
field as it is collected or at a later time. Forms that 
can be optically scanned may be useful to facilitate 
data entry. Investigators must consider the data 
analysis methods planned to accomplish specific 
study objectives and construct empty tables for vari¬ 
ables of interest in which data can be inserted after 
collection. Validation and quality control checks of 
the data should be planned. On-site scanning equip¬ 
ment can help with this. Figure 32-3 is a question¬ 
naire designed by the CDC for use in a foodborne 
disease outbreak. 

Cases and controls from the population under 
study should be interviewed in a consistent fashion 
using the survey tools developed. Interviewers 
must strive to create a nonthreatening environment 
in which those being questioned feel free to share 
all possible information without punishment. Initial 
questions should be simple and designed to put the 
subject at ease. For large, complex, or unusual out¬ 
breaks, interviewers should be trained first in both 
interviewing technique and the subject matter under 
investigation. 51 Time used to pretest the proposed 
questionnaire adequately is time well spent because 
pretesting can identify unclear or problem ques¬ 
tions. The questionnaire and plans for its adminis¬ 
tration should be revised in accordance with the 
results of the pilot testing. As a quality control mea¬ 
sure, each survey should be reviewed for legibility 
and completeness as it is returned. The same prin¬ 
ciples of developing forms, training interviewers, 
and pretesting forms and procedures apply to the 
process of abstracting data from medical records. 

Most field outbreak investigations are the "emer¬ 
gencies" of the specialty of preventive medicine. 
Thus the time-sensitive investigation of this acute 
public health problem is considered operational and 
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This report is authorized by law (Public Health Act, 42 USC 241). While your response is 
voluntary, your cooperation is necessary for the understanding and control of the disease. 


CDC USE ONLY 


□□□n 


FORM APPROVED 
OMB NO. 0920^004 


INVESTIGATION OF A FOODBORNE OUTBREAK 


i. 


Where did the outbreak occur 7 


2. Date of outbreak: (Date of onset 1st case) 


. (5-6) City or Town , 


. County _ 


3. IndicateactuaMa) or estimated (e) numbers: 4. History of Exposed Persons; 


MO / DA/YR 


(7-12) 


R Infiihatinn rwrinrt fhrmrcV: 



f 13-1 7} 


na-221 


... (2 3-2 71 


(28-11} 


No. histories obtained- - 

No. persons with symptoms-—- 

Nausea_ (40-43) Diarrhea_ 

Vomiting .... [48«5 1 ) Fever .. 

Cramps_(06-59) Other, specify 


Shortest_Longest 

(8 0-6 3) 

Approx, for majority _____ 
( 44-4 7 ) 6- Duration of illness (hours): 
.(52-55) Shortest_Longest 


(32-35) 

(36-39) 


(92-95) 


(60-79) 


Approx, for majority 


(84-87) 

.(88-91) 


(96-99) 
(101 104) 


7. Food - specific attack rates: 


Food Items Served 

Number of persons who ATE 
specified food 

Number who did NOT eat 

specified food 


lit 

Not 

ill 

Total 

Percent III 

III 

Not 

III 

Total 

Percent III 




























































































8. Vehicle responsible {food item incriminated by epidemiological evidence): (105-106J 


9. Manner in which incriminated food was 

marketed: (Check all Applicable) 


10. Place of Preparation of 


11. Place where eaten: 

(172) 


Yes No 


Yes No 


Contaminated Item: (151) 




(a) Food Industry 


|c) Nut Wrapped ...... 

...□□ 

(112) 

Restaurant. 

.□ 

1 

Restaurant. 

.n 

1 

Raw . 

.L!L1 no?! 

Ordinary Wrapping . 

...□□ 

(113) 

Delicatessen. 

n 

2 

Delicatessen. 


2 

Processed. 

.□□ (108) 

Canned . 

...□□ 

U14) 

Cafeteria. 

.n 

3 

Cafeteria. 


3 

Home Produced 


Canned—Vacuum Sealed LJ LJ 

(115) 

Private Home .... 

.□ 

4 

Private Home. 

.□ 

4 

Raw. 

□ LJ (109) 

Other (specify) - ■ • ■ 

...uu 

U16) 

Caterer . 

.□ 

5 

Picnic.. 

.□ 

5 

Processed. 

□ □ (1101 


(117-129) 

Institution: 



Institution: 



(h) Vending Machine . . 

.□□(111) 

(d) Room Temperature . 

...□□ 

(130) 

School. 

n 

6 

School . 

n 

6 



Refiqerator. 

...□□ 

(131) 

Church. 

n 

7 

Church. 

n 

7 





(132) 

Camp . 

.□ 

8 

Camp. 

. □ 

8 



Heated . 

...□□ 

(133) 

Other, specify .... 

.□ 

9 

Other, specify - - . 

□ 

9 

If a commerical product indicate brand 

name and lot number 












(134-150) 

(152-171) 

(173-192) 


DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 
CENTERS FOR DISEASE CONTROL 
ATLANTA, GEORGIA 30333 


CDC 52.13 REV. 9/83 


(ove r) 


(Fig.32-3 continues) 
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LABORATORY FINDINGS (Include Negative Results) 


12. Food specimens examined: O 93 ) 
Specify bv *X" whether food exami 

ned was original (eaten at time of 

13. Enviromental specimens examined: <194 ) 

outbreak) or check-up (prepared in similar manner but not involved in 

Item 

Findings 

outhreaki. 


Example: meat grinder 

C. perfringens, Hobbs Type 10 

Item 

Orig. 

Check 

up 

Findings 

Qualitative Quantitative 



Example: beef 

X 


C. perfringens _ 

Hobbs type 10 2 * 10 6 /gm 

































14. Specimens from patients exa 

mined (stool, vomitus, etc.): (195) 






Item 

No. 

Persons 

Findings 





Example: stool 

11 

C. perfringens, Hobbs Type 10 





























































15. Specimens from food ham 

flers (stoo 

, lesions. 

etc.): (196) 

16. Factors contributing to outbreak (check all applicable): 

Yes No Unk. 

Item 

Findings 

1 2 

Example; lesion 

C. perfringens, Hobbs Type 10 

2. Inadequate cook 

3. Contaminated er 


.□ □ 0(198) 



guipment or working surfaces.O O Od") 



4. Food obtained from unsafe source. O Cl O( 200 ) 

5. Poor personal hygiene of food handler .O 03 O(201) 

6. Other, specify .O O O( 202 3 








17. Etiology: (203-204) 

Pathogen___ Suspected. CD 1 (205) 

Chemical-Confirmed .□ 2 

Other Unknown.Qa 


18. Remarks: Briefly describe aspects of the investigation not covered above, such as unusual age or sex distribution: unusal circumstances leading 
to contamination of food, water 4 epidemic curve; etc. (Attach additional page if necessary) 


^gOfi-225^^ (-11 ^ B<- ^ wmmmwm 

Name of reporting agency: (226) _ ' 

Investigating offical: | Date of Investigation: 

NOTE: Epidemic and Laboratory Assistance for the investigation of a foodbome outbreak is available upon request by the State Health Depart¬ 
ment to the Centers for Disease control, Atlanta, Georgia 30333 
To improve national surveillance, please send a copy of this report to: Enteric Diseases Branch 

Bacterial Diseases Division 
Center for Infectious Diseases 
Centers for Disease Control 
Atlanta, Georgia 30333 

Submitted copies should include as much information as possible, but the completion of every item is not required. 


CDC 52.13 (back) 
REV. 9/83 


Fig. 32-3. This is an example of a questionnaire developed by the Centers for Disease Control and Prevention to be 
used in foodborne disease outbreaks. 

Source: Reference: Centers for Disease Control and Prevention. Guidelines for confirmation of bloodborne-disease 
outbreaks: appendix A. MMWR. 1996;45(SS-5):56-57. 
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does not require a preapproved protocol in most 
circumstances. However, human experimental test¬ 
ing consisting of invasive procedures or procedures 
having risks greater than that encountered in daily 
life would require a research protocol approved by 
an Institutional Review Board. 52 Investigations using 
surveys containing questions on sensitive subjects 
(eg, sexual history, drug or alcohol consumption, 
illegal activities) also are subject to the federal 
policy for protection of human subjects and may 
require voluntary informed consent. Title 45 of the 
Code of Federal Regulations Part 46 Subpart A-D 
establishes Institutional Review Boards as the ap¬ 
proval authority for research conducted by federal 
agencies or other institutions conducting research 
supported by federal funds. Current military regu¬ 
lations and service clinical investigation consultants 
should be consulted to ensure compliance with both 
regulatory and ethical standards. 

Plan for Administrative and Logistical Consid¬ 
erations 

Following the initial in-brief, the investigation team 
needs to provide the local chain of command with 
regular updates on the progress of the investigation. 
A local command liaison should attend all team meet¬ 
ings and can expedite obtaining additional supplies 
or other administrative support. This should obviate 
the need for daily meetings of the team with the local 
commander, who will be kept informed by his or her 
liaison. Periodic meetings with the commander can 
then occur as dictated by progress in the investiga¬ 
tion. The team leader will determine the specific type 
and magnitude of additional help needed based on 
the level of expertise available locally. The specific 
number of personnel needed by discipline (eg, lab 
technician, data entry clerk, nurse interviewers) 
should be assessed. Resources can include both mili¬ 
tary and civilian public health officials. The Army has 
the Epidemiologic Consultant Service (EPICON), the 
US Public Health Service has investigation teams from 
the CDC using Epidemic Intelligence Service officers, 
and states have various capabilities within state and 
local health departments. Reporting of diseases to 
military health authorities and to state health depart¬ 
ments as required by law must also not be forgotten. 

The team leader must establish clear operational 
priorities and then ensure a systematic and orderly 
progress of the investigation in all areas: clinical, 
laboratory, environmental, and epidemiologic. 
Tracking the status and progress of the simultaneous 
actions taking place is one of the biggest challenges 
for the leader. Logging all decisions and delegating 


specific taskings at team meetings are tools the 
leader can use to help keep the investigation team 
on track. The team cannot afford the time to follow 
each phase of the investigation sequentially to 
completion before beginning to pursue knowledge in 
another area. The purpose of the multidisciplinary 
consultant team is to allow each expert to concentrate 
on those factors within his or her discipline that may 
have contributed to the event under investigation. 
Reference materials and experts should be consulted 
as new facts emerge. Working as a team adds the 
necessary intellectual synergy to the complex inves¬ 
tigation process. At each team meeting, investigators 
assimilate new data resulting from the efforts of 
their colleagues. The ensuing discussion should 
result in productive, thoughtful analysis. But many 
decisions will still have to be made with inconclusive 
or inadequate data. Laboratory analysis is fre¬ 
quently still incomplete when critical decisions have 
to be made. The team leader's fund of clinical and 
epidemiologic knowledge and his or her experience 
in making judgement calls in these high-pressure 
public health emergencies will be of the utmost 
value. The team leader must continually synthesize 
new data as they accrue, keep all phases on track, 
and direct the future lines of inquiry of the investi¬ 
gation. The team leader should seek advice from 
the off-site consultant on a daily basis, but the team 
leader on-site must have ultimate decision-making 
authority for the team. 

Suspicion of a biological warfare attack mandates 
additional immediate responses: reporting to local 
military police and to the Federal Bureau of Inves¬ 
tigation. 47 Rapidity of communicating this suspicion 
up the military chain of command is especially criti¬ 
cal in a theater of operation. The Federal Bureau of 
Investigation is responsible for crisis management, 
which includes actions taken before an incident to 
avert it. The Federal Emergency Management 
Agency is in charge of consequence management 
or actions taken after the incident to mitigate its 
effects. 53 Department of Defense staff are key play¬ 
ers in both phases of operations precipitated by such 
incidents. Because terrorism generates panic in a 
population, coordination to establish an emergency 
operations center and to enhance security must be one 
of the initial steps taken. Ongoing communication 
between law enforcement officials and health au¬ 
thorities is critical to the optimal investigation and 
management of such incidents. Rapid transport of 
specimens to the US Army Research Institute of In¬ 
fectious Diseases, US Navy Medical Research Center, 
and the CDC is vital to obtain an accurate, rapid di¬ 
agnosis where biological attack is a consideration. 
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Identify Medical Treatment Resources 

Field triage sites, outpatient clinics, emergency 
rooms, and hospitals that can receive and treat po¬ 
tential cases should be identified and a list of them 
provided to the team public affairs officer for dis¬ 
tribution to the media. This will allow the investi¬ 
gation team to focus on conducting the investigation 
and making appropriate prevention and control 
recommendations. Clinicians should be notified 
when to expect cases and briefed on presumed con¬ 
dition, appropriate diagnostic evaluation, treatment 
regimens, and any recommended isolation precau¬ 
tions. Education of medical staff may be needed to 
update them on rare conditions or to explain occupa¬ 
tional risks and precautions warranted. Guidelines for 
transfer or evacuation of patients to the next ech¬ 
elon of care should be established and the referral 
center identified. If the saboteur used a biological 
agent, there will probably be an immediate clamor 
for large quantities of medical supplies, such as 
antibiotics or vaccines, for which only limited quan¬ 
tities exist. 12 The priority of use and specific distri¬ 
bution plans for these limited resources should be 
addressed. 

TEST THE 

At this point in the investigation, investigators 
have postulated risk factors and developed a hypoth¬ 
esis that explains the source, mode of transmission, 
and duration of the epidemic. Hypotheses are now 
tested by determining whether or not a statistical 
association exists between two categories: exposure 
(eg, to a specific food or chemical) and clinical out¬ 
come (eg, illness or injury). The analysis of the re¬ 
sults collected to date and the statistical testing of 
these results will determine the accuracy of the hy¬ 
pothesis specifying a risk factor to be the cause of 
the epidemic. 

Collect Data and Specimens 

Follow-up of the clues provided from the descrip¬ 
tion of the epidemic by person, time, and place, and 
laboratory analysis should result in confirmation 
of the diagnosis. All possible cases should be iden¬ 
tified. Both cases and appropriate controls should 
be interviewed and given the survey tool to obtain 
data that will establish risk factors. From these data 
and the environmental evaluation, the mechanisms 
of transmission are determined. The cross-sectional 
or case-control data collected must be analyzed. 
Investigators should calculate attack rates of symp- 


Reevaluate Controls Measures in Place 

This periodic reassessment of preventive medi¬ 
cine controls should include degree of compliance 
and adequacy of the initial guidelines in view of 
the latest information. The team must determine the 
need for additional strategies and resources, whether 
personnel or supplies. The need to open an additional 
unit or an entire field hospital should be assessed. 
The need for any product recall should also be as¬ 
sessed. The initiation and timing of such actions 
require considerable judgement to weigh the pre¬ 
ponderance of the evidence, the strength of the hy¬ 
pothesized association, and the severity of the 
risk to individuals if a recall is delayed. Such deci¬ 
sions may have great economic impact on an indus¬ 
try. Epidemiologists must balance the need to warn 
the public against the damage of falsely accusing 
an industry or other postulated source. Unfounded 
allegations could result in unnecessary economic 
losses, such as occurred to the California strawberry 
industry during the cyclosporiasis outbreaks. 54 Mis¬ 
takes in identifying etiological agents may also lead 
to the loss of public confidence in future public 
health warnings. 


tomatic disease from the suspected risk factors. If 
food is the suspected exposure and a suspected dining 
facility serves multiple meals, meal-specific attack 
rates should be calculated first. To do this, investi¬ 
gators must know the number of cases and controls 
who did and did not eat the specific meals being 
compared. When a single suspect meal is obvious 
(eg, a banquet), investigators can initially calculate 
the food-specific attack rates. Similarly they must 
determine the number of cases and the number of 
controls who did and did not eat the specific food 
item in question. Investigators compare the rates 
of illness for those who were and were not exposed 
via consumption of a particular food or drink item 
by calculating the differences between the disease 
attack rate for those who did eat the food item and 
those who did not. The food item that shows the 
greatest percentage difference is the most likely 
source. Combining attack rates is often useful (eg, 
potatoes and gravy, ice cream and chocolate sauce, 
ice and water). The highest attack rates will be ob¬ 
served in all combinations involving the suspected 
food. Cumulative food attack rates may be calcu¬ 
lated when a specific food is served on more than 
one occasion to the same population of people. Next 
is the calculation of the difference between cumu- 
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TABLE 32-4 

SHIGELLA DYSENTERIAE TYPE 2 OUTBREAK, CHI SQUARE AND P VALUES FOR COMMON 
FOOD ITEMS 


Food 

Ate 

Cases 

Did Not Eat 

Ate 

Controls 

Did Not Eat 

Chi Square 

p Value 

Salad 

80 

9 

35 

26 

21.38 

0.0001* 

Grilled sandwich 

27 

62 

28 

33 

3.78 

0.0520 

Fruit cocktail 

11 

78 

8 

53 

0.02 

0.8913 

Ice 

56 

33 

33 

28 

1.17 

0.2799 

Water 

27 

62 

12 

49 

2.14 

0.1435 

Soft Drink 

41 

48 

30 

31 

0.14 

0.7076 

Punch 

19 

70 

9 

52 

1.04 

0.3086 

Lemonade 

9 

80 

10 

51 

1.29 

0.2559 

Iced tea 

6 

83 

2 

59 

0.86 

0.3538 

Milk 

52 

37 

20 

41 

9.53 

0.0020* 

Coffee/ tea 

17 

72 

15 

46 

0.65 

0.4202 

Hot chocolate 

4 

85 

2 

59 

0.14 

0.7090 

French fries 

31 

58 

20 

41 

0.07 

0.7951 

Ice cream 

50 

39 

24 

37 

4.10 

0.0428* 


* 

p Value < .05 

Source: Centers for Disease Control. Hospital-associated outbreak of Shigella dysenteriae type 2—Maryland. MMWR. 1983;32:250-252. 


lative attack rates for each specific food between 
cases and controls. Then a statistical test is applied 
to determine if there are significant differences be¬ 
tween foods as a risk factor for the illness. Tests used 
for these purposes include chi-square and Fischer's 
Exact Test for individual food comparisons as 
shown in Table 32-4. Other risk measures investi¬ 
gators may apply are odds ratios with confidence 
intervals for univariate and stratified Mantel- 
Haenszel analyses. In a case-control design, inves¬ 
tigators can study the discordant exposures of cases. 
Testing a hypothesis using data from a case-control 
design can be an extremely powerful tool to iden¬ 
tify a contaminated vehicle when dealing with 
mega-outbreaks. A single case-control study of 15 
matched pairs provided the evidence implicating 
the ice cream in the massive salmonellosis outbreak 
referred to previously. This association was dem¬ 
onstrated 10 days before the isolation of the organ¬ 
ism from the ice cream. 41 Control measures were 
taken based on this statistical association before 
laboratory confirmation, thus preventing many 
additional cases. 

Because factors other than the etiological risk 
factor may affect outcome, a stratified analysis is 


sometimes required. This involves examining the 
exposure-disease association within different cat¬ 
egories of a third factor. The third factor is referred 
to as the confounder. This is an effective method 
for looking at the effects of two different exposures 
on the disease, and it is one way to tease apart as¬ 
sociation with multiple factors, such as two foods. 
The most common method used to control for con¬ 
founding is to stratify the data and then compute 
measures that represent weighted averages of the 
stratum-specific data using methods such as the 
Mantel-Haenszel formula. 55 The Mantel-Haenszel 
formula was used to analyze the data from the shi¬ 
gella outbreak to differentiate among salad, milk, 
and ice cream as the etiological agent (Table 32-5). 

Stratification is also used to assess effect modifi¬ 
cation or interaction. Effect modification refers to 
the situation in which the degree of association be¬ 
tween an exposure and an outcome differs in dif¬ 
ferent subgroups of the population. Evaluation for 
effect modification is accomplished by determining 
whether the stratum-specific odds ratios differ from 
one another. There are more complete discussions 
of analysis strategies for outbreak investigations 
elsewhere. 56 
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TABLE 32-5 

SHIGELLA DYSENTERIAE AND CONSUMPTION 
OF SALAD, MILK, AND ICE CREAM 


Rate 

Salad 

Milk 

Ice Cream 

Crude odds ratio 

6.60 

2.89 

1.98 

MH OR adjusted 
for salad, 95% (CL) 

— 

2.29 

(1.10-4.77) 

1.65 

(0.80-3.41) 

MH OR adjusted 
for milk, 95% (CL) 

5.87 

— 

— 

MH OR adjusted for 
ice cream, 95%(CL) 

5.99 

(2.49-14.42) 

— 

— 


MH: Mantel-Haenszel 

OR: odds ratio 

CL: confidence limits 

Source: Centers for Disease Control. Hospital-associated out¬ 
break of Shigella dysenteriae type 2—Maryland. MMWR. 
1983;32:250-252. 

Determine the Need for Additional Studies and 
Analysis 

If the results of the investigation thus far have 
not yielded a definitive diagnosis and a presumed 
mechanism of disease transmission, then additional 
investigation is indicated. A more detailed question¬ 
naire may be needed to elucidate new details. More 
sensitive or sophisticated laboratory testing or addi¬ 
tional environmental consultation may be necessary. 
Investigators should consider whether the initiation 
of carriage studies in controls or other populations 
at risk would be helpful. Successful outbreak inves¬ 
tigations will frequently depend on the critical in¬ 
tegration of epidemiologic and laboratory sciences. 
The application of molecular techniques to analyze 
epidemiologic interrelationships has led to the use 
of the term molecular epidemiology. Traditional 
laboratory methods to characterize epidemic strains 
have relied on the measurement of phenotypes, 
such as antibiotic resistance, phage typing, or 
serotyping. Plasmid profile analysis was the first 
molecular tool to fingerprint bacteria. The newer 
techniques can potentially type any strain by using 
the chromosomal DNA present in all bacteria and 
fungi. Genomic (chromosomal) digests, restriction 
fragment length polymorphisms (RFLPs), and PFGE 
analyze differences in chromosomal DNA organi¬ 
zation. 57 The PFGE is increasingly being viewed as 
a new gold standard for the epidemiologic analy¬ 
sis of nosocomial infection, 58 and applications to 
disease outbreaks caused by bacterial contamina¬ 


tion of food will become routine in the future. Mo¬ 
lecular biology will often be key to identifying pre¬ 
viously unknown infectious disease agents, as in 
the case of human ehrlichiosis. 59 Molecular biologi¬ 
cal methods may be used to determine early in the 
investigation whether a single strain or type of mi¬ 
croorganism is responsible for the majority of cases. 
Linkage to a single strain suggests that patients 
were exposed to a common source or reservoir. 
Molecular analysis of dengue viruses was a useful 
adjunct to the epidemiologic investigation of virus 
distribution over distance and time in US person¬ 
nel in Somalia. 60 Molecular techniques can be ap¬ 
plied to the study of reservoirs of infection and to 
trace the modes of transmission. 

Epidemiologists must be willing to reject early 
theories if initial hypothesis testing is not statisti¬ 
cally significant. Examination of alternative hypoth¬ 
eses to explain investigation findings is the next 
step. The process is iterative in nature, as a hypoth¬ 
esis is tested and rejected and then followed by new 
planning to explore alternative explanations for the 
event under study. 61 Subsequent studies may in¬ 
volve additional data collection before testing the 
next hypothesis under consideration. Subsequent 
iterations of this process should accurately deter¬ 
mine the true risk factors or etiology. Initial inves¬ 
tigations of three outbreaks of infection with 
Cyclospora attributed the risk to consumption of 
strawberries at special events. However, this was 
inconsistent with the observation that while cases 
occurred primarily in the eastern United States, 
most strawberries are grown in the western United 
States. Further investigation showed that raspberries 
from Guatemala (sometimes served with strawber¬ 
ries) were the actual vehicle. 62 Even if the data col¬ 
lected are sufficient, a more sophisticated analysis 
method, such as logistic regression, may be required 
to identify the underlying association. 

Evaluate the Adequacy of the Case Definition 

Case confirmation by laboratory testing permits 
evaluation of the sensitivity and specificity of the 
definition used during the outbreak investigation. 
Additional systematic studies may attempt to find 
more cases, obtain more data, (clinical, laboratory, 
or epidemiologic), or both. Use of serologic data and 
clinical history may improve the case definition and 
clarify the population at risk for disease. Repeat 
interviews of confirmed cases may reveal quantita¬ 
tive data on exposure dose. If multiple working case 
definitions were used, the sensitivity of each case 
definition can now be compared (eg, definite ver¬ 
sus probable, primary versus secondary). 
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Establish Criteria for Deciding the Outbreak Is 
Under Control 

Surveillance to find new cases as they occur should 
be ongoing. The investigators should have established 
numerical criteria for determining that the outbreak 
is under control. They must consider whether this is 
a complete return to preoutbreak levels or whether it 
is the expected small numbers of cases that will occur 
as the final contacts of cases in a propagated epidemic 
pass through the incubation period window. In almost 
all cases of infectious disease outbreaks and in selected 
occupational clusters, some type of surveillance sys¬ 


tem should be established to monitor the situation for 
a specified period following the outbreak. Ascertain¬ 
ing cases of gastroenteritis appearing at sick call in a 
field unit following a foodborne epidemic or moni¬ 
toring wound infections by surgeon or operating room 
in certain nosocomial outbreaks are typical examples. 

To ensure a smooth transition from the consult¬ 
ant team to local health workers, special care should 
be taken to hand off responsibilities and follow-on 
investigation taskings (eg, laboratory results follow¬ 
up, new surveillance activities). Timing and details 
of the transition should be clearly delineated be¬ 
fore the team departs. 


COMPARE RESULTS TO THOSE OF THE PUBLISHED LITERATURE 


After the field investigation and the subsequent 
analysis are complete, it is important to thought¬ 
fully compare the findings with those conducted 
previously and recorded in the medical literature. 
Frequently the introduction of new diagnostic 


methods or technological advances in the interim 
will have allowed a new understanding of patho¬ 
physiological mechanisms that can help explain as¬ 
sociations. New insights or the validation of new 
approaches should be published. 


FINALIZE A REPORT WITH RECOMMENDATIONS TO CONTROL FURTHER SPREAD 


Write an Executive Summary and Prepare a 
Complete Report 

Updating local health officials and local command 
authorities on the investigation results is essential 
before the team's departure. This out-briefing 
should include diagnosis, risk factors, presumed 
etiology, treatment, environmental controls, surveil¬ 
lance plan, diagnostic improvements, and additional 
preventive measures for the future. This prelimi¬ 
nary report may be oral but must be followed by a 
written summary. A final executive report summary 
written in language appropriate for nonmedical 
commanders should be provided to the local com¬ 
manders of the site and unit involved. A more de¬ 
tailed final report should be prepared after all the 
analyses are completed. This final report should 
define the problem, describe the methods used in 
the field investigation, display the epidemiologic 
analysis, discuss the results, and present the final 
conclusions and recommendations. It should be 
submitted to the appropriate medical authorities. 


This documentation of the epidemic and the inves¬ 
tigation findings is important for possible future use 
to support or justify changes in public health deci¬ 
sions. In certain situations, rapid publication of pre¬ 
liminary results in the Morbidity and Mortality 
Weekly Report or internal organizational publica¬ 
tions is important to alert health care providers or 
health authorities of apparent new risks or diseases. 
Rapid initial disease report summaries may also 
serve to alert civilian physicians to potential problems, 
such as malaria, in redeploying service members. 63 

Evaluate the Effectiveness of Recommendations 

An assessment plan to evaluate the effectiveness 
of control procedures and recommendations should 
be part of the final report. Specific surveillance for 
the disease or condition of interest following the 
departure of the team is critical. Active surveillance 
is preferred over passive surveillance to detect any 
subsequent outbreaks, as well as to evaluate the 
effect of the control measures. 


SUMMARY 


Epidemiology is the fundamental science of pub¬ 
lic health, and outbreak investigation is the most 
visible example of applied field epidemiology. Results 
from field studies are critical to finding effective 
interventions for disease control. The great epide¬ 
miologic challenge of today is the development of 


new tools, such as molecular epidemiology, to ap¬ 
ply to the investigation of emerging infections. 
Thoughtful, careful investigation will continue to 
be necessary to identify new pathogens, find their 
natural reservoirs, and determine their routes of 
transmission. This will not be easy. For example. 
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despite the occurrence of outbreaks of Ebola hemor¬ 
rhagic fever in the past few decades, the virus's natu¬ 
ral reservoir remains unknown, and concern about the 
possibility of airborne transmission remains. 64 

Reductions in public health infrastructure and 
the complexities associated with outsourcing of 
clinical care and certain public health functions all 
compound the problem of outbreak detection and 
control. Military preventive medicine specialists 
affected by military medical downsizing will be 
challenged to meet the need for rapid-response, 
multidisciplinary teams to direct investigations of 
highly dynamic events. These challenges call for the 
rapid adoption of new technology for team com¬ 
munication, field laboratory analysis, specimen 
holding and processing, and further automation of 
data analysis. As the scope of potential problems 
increases, major new prevention modalities (eg. 


food irradiation) will be adopted and will need to 
be evaluated. Vital partnerships between the Depart¬ 
ment of Defense, the CDC, the National Institutes 
of Health, the Food and Drug Administration, the 
Department of Agriculture, the Environmental 
Protection Agency, and the World Health Organization 
will have to be productive, cooperative relationships 
with clearly delineated roles and responsibilities to 
achieve maximum efficiency and effectiveness. Tele¬ 
communication, telemedicine, and computer mod¬ 
eling need to be evaluated as potential additions to 
the suitcase of the shoeleather epidemiologist, who 
is now working on outbreaks that can spread over 
continents. Ultimately, the outcome of these futur¬ 
istic investigations should be the same as those of 
today: new health policies for prevention based on 
supportive data proven valid by rigorous hypoth¬ 
esis testing. 
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Epidemiologic Measurement: Basic Concepts and Methods 


INTRODUCTION 


This chapter will provide the public health profes¬ 
sional with the basic tools and concepts of epidemi¬ 
ology. The target audience is the military practitioner 
of public health who may be deployed or working 
in a public health setting where surveillance activi¬ 
ties or rudimentary research studies are needed. The 
epidemiologic methods covered in this chapter are 
at the elementary level and are presented from the 
more simple concepts to the more complex. Other 
chapters in this volume specifically address out¬ 


break investigations and surveillance activities (see 
chapters 31, Disease and Nonbattle Injury Surveillance: 
Outcome Measures for Force Health Protection, and 
32, Outbreak Investigation). The epidemiologic 
tools that are used to conduct these activities are 
presented here. The focus is on data collection meth¬ 
ods that are necessary to run programs, assess out¬ 
breaks, allocate resources, or perform other activities 
that are related to the formulation of public health 
policy and practice. 


DEFINITION OF EPIDEMIOFOGY 


Epidemiology is the study of the distribution and 
determinants of disease, injury, or health-related 
factors in human populations. 1 In contrast to clinical 
medicine, which focuses on the individual, epidemiol¬ 
ogy evaluates groups of people or populations. A 
basic premise of this discipline is that diseases, inju¬ 
ries, or other medical conditions are not randomly 
distributed across populations but rather vary ac¬ 


cording to factors such as environmental exposures 
(eg, deployment history) or personal characteristics 
(eg, smoking status). As early as the 5th century BC, 
Hippocrates hypothesized that the development of 
human diseases may be associated with the environ¬ 
ment. 2 The goal of the epidemiologist is to determine 
who becomes ill and why, and this is accomplished 
by comparing groups with differing characteristics. 


BASIC MEASURES OF DISEASE FREQUENCY 


Epidemiology is a quantitative science. One of 
the fundamental measures used by epidemiologists 
is the rate of disease. By computing rates, it is pos¬ 
sible to compare two populations or groups. A rate 
requires consideration of the population from which 
the cases are derived: 

Number of Events 

Rate = ---—— - 

Population at Risk of Event 

Typically, the denominator is the total population 
at risk of disease, and the numerator is the num¬ 
ber of people with disease. The rate is usually 
expressed in some conventional base, such as 
events per 1,000 individuals. There are several 
types of rates used in epidemiology to describe 
morbidity and mortality. 

Prevalence 

A commonly used measure in epidemiology is 
the prevalence rate. Although it has historically 
been called a rate, prevalence is a proportion rep¬ 
resenting the fraction of the population that has a 
disease at a single point in time. It is a snapshot of 
the burden of disease in a defined population and 
includes both new and existing cases. Thus, preva¬ 


lence depends on both the incidence of new cases 
of disease and the duration of disease in those cases. 
This measure typically is used to assess the need 
for and costs of health services. 


Prevalence = 


Number of Existing Cases of 
Disease at a Given Time 
Total Population at a Given Time 


For example, a 15% prevalence of rash-associated 
illness in units of an Army support battalion in 
Operation Joint Endeavor, Bosnia, was determined in 
this way 3 : 


Prevalence = 


69 Cases of Rash-associated Illness 
466 Deployed Unit Members 


= 0.148 = 15% 


Incidence Rate 

Incidence describes the rate of development of a 
disease or a medical condition in a population over 
a period of time, that is, the occurrence of new 
events in a specified time period. This measure is 
used to evaluate the causal or etiologic role of risk 
factors and the development of disease. 
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Cumulative 
Incidence = 
Rate 


Number of New Cases 
During a Specified Period 
Total Population at Risk of 
the Disease During that Period 


This measure is called the cumulative incidence 
rate because it accumulates the number of cases 
over time that derive from the population at risk 
determined at the beginning of the time period (ie, 
fixed population with the assumption that no indi¬ 
viduals are lost to follow-up). The denominator con¬ 
tains the count of people. Cumulative incidence is 
a proportion that ranges from 0 to 1 (assuming only 
one possible occurrence of the disease per person). 
When reporting a cumulative incidence, the time 
frame must be specified. Attack rates are a measure 
of cumulative incidence. 

For example, in a study among US Army soldiers 
in infantry basic training, 303 individuals were 
followed for 12 weeks of training to determine the 
incidence of training-related injuries. Of the 303 sol¬ 
diers, 112 developed one or more lower extremity 
musculoskeletal injuries. 4 


years. In calculating person-time, following 10 in¬ 
dividuals for 3 years (30 person-years) is equivalent 
to following one individual for 30 years. Incidence 
density can range from zero to infinity. 

For example, in a study of the incidence of HIV- 
1 infection in the US Army during the period 1 
November 1985 to 31 October 1993, a total of 
1,061,768 active-duty soldiers were followed for a 
total of 3,629,688 person-years of follow-up. Dur¬ 
ing the period of the study, 978 soldiers with HIV-1 
seroconversion were identified. 5 

Incidence Density Rate 

978 HIV-1 Soldiers 
3,629,688 Person-years 
= 2.7/10,000 Person-years 

Prevalence and incidence measures are interrelated. 
When the incidence rate has been constant over time (a 
"steady state" situation), the duration of disease has re¬ 
mained unchanged, and the prevalence of disease over¬ 
all is low, then the prevalence (P) equals the product of 
the incidence density (I) and the average duration (D): 


Cumulative Incidence Over a 12-week Period 
112 Soldiers Injured 
303 Soldiers in Basic Training 
= 0.369 = 37% 

Another measure of incidence is the incidence 
density rate. This is a measure of the instantaneous 
rate of development of a disease in a population. 


P = I • D 

If two of these measures are known, the third can 
be calculated. 

Incidence density rates, like other rates, can be 
calculated for subpopulations, such as different age, 
sex, or race-ethnic groups. The following is an age- 
specific incidence rate: 


Incidence Density Rate 

Number of New 

Cases of a Disease During a Specified Period 
Total Person-time of Observation During 
the Given Time Period 

The numerator of the incidence density is the num¬ 
ber of new cases occurring in the population (the 
same as in the cumulative incidence). The denomi¬ 
nator, however, is the sum of each person's time at 
risk or the sum of the time that each person was 
under observation and susceptible to the disease 
rather than the count of individuals at the begin¬ 
ning of the follow-up period. Thus, this measure 
can incorporate data from a dynamic population: 
individuals who are followed for various periods 
of time or who are lost to follow-up. An incidence 
density rate must include the relevant time units in 
the denominator, such as person-days or person- 


Age-specific Incidence Rate 

Number of New Cases in a Specified Age Group 
Total Person-years of Observation for the Age Group 

For example, the incidence rate of HIV-1 infection 
among 20- to 24-year-olds in the study 5 cited above 
was determined in this way: 

Age-specific Incidence Rate for Ages 20 to 24 
405 HIV-1 Soldiers 

1,216,125 Person-years Among Soldiers Aged 20 to 24 
= 3.3/10,000 Person-years 

Mortality Rate 

Incidence rates describe the incidence of disease 
in a population, whereas mortality rates describe 
the incidence of death in a population. The crude 
mortality rate can be determined using this equation: 
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Crude Mortality Rate 

All Deaths in a Calendar Year 
Total Population at Risk of Death During Year 

• 10 n 

For example, the following is the crude non-battle- 
related mortality rate among deployed servicemem- 
bers to the Persian Gulf region, 1 August 1990 to 31 
July 1991. 6 

Crude Mortality Rate 

_ 225 Nonbattle-related Deaths 

264,868 Person-years in the Persian Gulf Region 
= 85/100,000 Person-years 

The cause-specific mortality rate is determined in a 
similar fashion: 


Cause-specific Mortality Rate 

Number of Deaths from a Specific Cause in a Year 
Total Population During the Year 

A cause-specific mortality rate was determined for 
motor vehicle mortality among deployed service- 
members to the Persian Gulf region for the period 
1 August 1990 to 31 July 1991 6 : 

Cause-specific Mortality Rate 

62 Deaths Due To Motor Vehicle Accidents 
264,868 Person-years in the Persian Gulf Region 

= _23_ 

100,000 Person-years 

All of these measures of morbidity and mortality 
are used to monitor disease trends in surveillance 
activities, identify outbreaks, and plan and evalu¬ 
ate health services. 


DIRECT METHOD OF RATE ADJUSTMENT 


Rate adjustment allows the public health officer to 
compare rates of disease or injury in two communi¬ 
ties that have different demographic characteristics, 
such as different age distributions or race-etlmic com¬ 
positions. Because incidence rates or mortality rates 
typically vary by age and race, it is necessary to ad¬ 
just or standardize these rates by these factors so that 
the rates can be compared on equal terms. Adjusted 
rates are artificial in that they are only used for com¬ 
parison purposes and do not describe a particular 


population. The process of adjusting rates requires the 
use of a standard population with which both com¬ 
munities are compared and data on the factor-specific 
rates of disease in both communities. If, for example, 
injury rates in the Army are to be compared with in¬ 
jury rates in the Navy, these rates would have to be 
adjusted for age and sex, because the composition of 
the two services differs in these factors. Texts such as 
Katin and Sempos 7 or Selvin 8 have examples on how 
to perform a direct age adjustment. 


TYPES OF VARIABLES 


Categorical Variables 

In addition to obtaining information on rates of 
disease, epidemiologic studies can also collect in¬ 
formation on many variables about individuals. 

Variables that are divided into categories or are as¬ 
signed codes are called categorical variables. Each 
category is defined and there are a limited number 
of values that can be measured. Dichotomous vari¬ 
ables are categorical variables that assume only two 
values, such as male and female or inducted into mili¬ 
tary services and not inducted. Polychomotous vari¬ 
ables can be divided into more than two categories. 


such as race and cause of death. Some discrete vari¬ 
ables can be ordered or ranked. Examples of ordered 
variables are severity of pain (eg, mild, moderate, in¬ 
tense) and military rank. 

Continuous Variables 

Variables that can be measured on a continu¬ 
ous scale, such as height or 1-mile run times, are 
considered continuous variables. The values that 
these variables can assume are only limited by 
the level of accuracy of the scale on which they 
are measured. 
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SUMMARY STATISTICS FOR CATEGORICAL AND CONTINUOUS VARIABLES 


Categorical Variables 

Discrete data can be summarized by calculating 
frequencies, proportions, or percentages. A propor¬ 
tion is the number of people with a characteristic 
divided by the total number of people. The percent¬ 
age is a proportion multiplied by 100. 

Continuous Variables 


Measures of Central Tendency 

There are three main measures of central ten¬ 
dency to describe the distribution of a continuous 
variable. The arithmetic mean, is calculated as the 
sum (2) of all of the observed values (x ( ) divided 
by the total number of observations (n): 


n 


2 *, 


X = 


i-1 

~n 


The mode is the most frequently observed value. 
The third measure, the median, is the midway point 
of a series of numbers such that 50% of the num¬ 
bers are above the value and 50% are below. For an 
odd number of entries, the median is the middle 
number. For an even number of entries, it is the 
average of the two middle numbers. If the distri¬ 
bution is fairly symmetric, then the median value 


will be close to the mean value. If the distribution 
is skewed, then the median value is a better mea¬ 
sure of central tendency than the mean. 


Measures of Variation or Dispersion 


The range is the difference between the highest 
and lowest values. The standard deviation estimates 
the amount of variability in a set of numbers. It is 
defined as the square root of the sum of the squared 
deviations from the mean, divided by the number 
of observations minus 1. 


Standard Deviation = 


s = 


1 


2(*,-v) 2 


n- 1 


The larger the standard deviation, the more vari¬ 
able or nonhomogenous the distribution. Statistical 
theory states that a population with a normal distri¬ 
bution of values will have a characteristic bell-shaped 
curve. Since the shape of this frequency distribution 
is symmetrical, the mean, median, and mode are the 
same. With normally distributed data, the standard 
deviation describes the width of the curve. The range 
of values one standard deviation above and below the 
mean will include 68% of the observations. The range 
of values two standard deviations above and below 
the mean will include 95% of the observations. The 
range of values three standard deviations above and 
below the mean will encompass over 99% of the ob¬ 
servations. Exhibit 33-1 contains an example illustrat¬ 
ing how to calculate a standard deviation. 


METHODS FOR DISPLAYING DATA 


Tables 

A concise way to summarize data is to present 
the data in a table. Tables typically contain frequency 
data on a range of values for discrete variables or 
summary statistics for continuous variables. A 
contingency table is used to summarize counts 
of people or observations. The number of rows 
and columns in the table represent the various 
levels of two variables. A particular type of con¬ 
tingency table, the 2x2 table or 4-fold table, is 
used for dichotomous variables such as exposed 
or nonexposed and diseased or nondiseased. Ex¬ 
amples of 2 x 2 tables are presented later in this 
chapter. 

The title of the table should be clear and contain 
enough information on the who, when, and where 
of the study that the reader does not have to refer 


to the text to understand the table. Rows and col¬ 
umns should be clearly labeled. Footnotes are of¬ 
ten used to clarify headings or abbreviations. 

Graphs 

Displaying data graphically is another effective 
way to summarize information. The type of data 
dictates the type of graph that should be used. The 
x-axis, also known as the horizontal axis or abscissa, 
typically represents the values of the variable of in¬ 
terest. The y-axis, also known as the vertical axis or 
ordinate, displays the number of cases, the rate of 
disease, or some other measure of the frequency of 
occurrence. As with a table, a graph should be 
clearly labeled (including a legend if it displays more 
than one factor) so that the reader does not have to 
read the accompanying text to interpret the graph. 
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EXHIBIT 33-1 

A HYPOTHETICAL EXAMPLE TO CALCULATE MEASURES OF VARIATION OR DISPERSION 


To determine the age as well as other demographic characteristics of female applicants to military service, a 
survey was conducted at a Military Entrance Processing Station. The ages of the first seven women chosen 
for the sample were 18, 19, 19, 20, 21, 22, and 24 years. For this example: 

Mean = x = (18 + 19 + 19 + 20 + 21 + 22 + 24) / 7 = 20.4 
Mode = 19 
Median = 20 

Range is 18 to 24 (6 years) 

The standard deviation is calculated in the following way: 


x i 

X 

Xj - X 

(x,- - x) 2 

18 

20.4 

-2.4 

5.76 

19 

20.4 

-1.4 

1.96 

19 

20.4 

-1.4 

1.96 

20 

20.4 

-0.4 

0.16 

21 

20.4 

0.6 

0.36 

22 

20.4 

1.6 

2.56 

24 

20.4 

3.6 

12.96 

25.72 


S = 


1 


z ( x / 


25.72 


n -1 


= 2.1 


Pie Graph 

A pie graph or chart displays data in a circular fash¬ 
ion, comparing parts or segments of the data to the 
whole. Data are converted into percentages, adding 
up to 100%. The percentages are converted to degrees 
by multiplying the percentage by 3.6 (Figure 33-1). 

Bar Graph 

Discrete data can be displayed in a bar graph. 
An important feature of a bar graph is that the bars 
do not touch. The data are noncontinuous and the 
only possible values are the ones that are noted by 
each bar (Figure 33-2). 

Histogram 

Continuous data can be displayed in a histogram. 
The bars in a histogram touch because the data on 


the x-axis are continuous and each bar represents 
an interval of values and not just one value. If all 
bars represent intervals of the same width, then the 
height of each bar represents the relative frequency 
of each interval. The histogram provides a visual 
picture of the shape of the frequency distribution 
(Figure 33-3). 

Arithmetic Scale Line Graph 

A line graph is typically used when the x-axis 
represents time and the y-axis represents rates 
of disease. Each axis is measured in arithmetic 
units, with equal distances between the units (Fig¬ 
ure 33-4). 

Semilogarithmic Scale Line Graph 

In a semilogarithmic scale line graph, the y-axis 
is based on a logarithmic scale and the x-axis on an 
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arithmetic scale. When displaying rates of disease, 
it is useful to use semilogarithmic graphs because 
a straight line indicates a constant rate of change. 


the slope of the line indicates the rate of increase or 
decrease, and parallel lines represent identical rates 
of increase or decrease (Figure 33-5). 


SAMPLING 


A critical component of any study design is the 
method used for selecting the study population. The 
target population is that group of individuals from 
which inferences about disease patterns are to be 
drawn. Typically, it is not possible or efficient to 
obtain data on all members of the target population. 
Instead, sampling procedures are used to select a 
suitable sample or subset of the target population. 

In a probability sample, every individual has a 
known (usually equal) probability of being included 
in the sample. Therefore, generalizations to the target 
population can be made with a measurable amount 
of precision and confidence. In a nonprobability 
sample, probability theory may not apply and there 
is more opportunity for bias in selection of subjects. 



Fig. 33-1. Each wedge in this example of a pie graph 
represents percent of hospitalizations by 17 major diag¬ 
nostic categories for active duty soldiers in 1997. 
Source: Trends in hospitalizations due to mental disor¬ 
ders, US Army active duty soldiers. Medical Surveillance 
Monthly Report. 1998;4(5):15. 


Nonprobability Sampling Designs 

Consecutive Sampling 

With this design, every individual in a given set¬ 
ting who meets the selection criteria is chosen over 
a specified time period. A consecutive sample can 
be drawn, for example, by using every recruit in¬ 
processing at a basic training post in a defined time 
period. If all individuals are studied in a given time 
period, the sample may be a good representation 
of the overall population, but there is no known 
probability of any given individual being included 
in the sample. 

Convenience Sampling 

Individuals from a population who are readily 
available are included in a convenience sample. Ex¬ 
amples of convenience samples include sailors in a 
clinic waiting room or soldiers entering the post ex¬ 
change. Selecting such a sample is inexpensive and 
easy. Results from this type of survey may be bi¬ 
ased, however, as there is no assurance that indi¬ 
viduals in this sample reflect the characteristics of 
the target population. At times, this method is used 
to obtain preliminary data or to generate hypoth¬ 
eses for future studies. 

Judgmental Sampling 

With this technique, individuals are handpicked 
to be in the study. Specific individuals are chosen 
for the sample because they are considered to be 
representative of the population of interest or pos¬ 
sess specific selection criteria. The dangers of bias 
using this method can easily go unrecognized. 

Quota Sampling 

The composition of the survey population in this 
method is determined in advance. Then quotas are 
determined for individuals from various demo¬ 
graphic categories, such as age and race. The only 
requirement is that the specified number of indi¬ 
viduals in a given category be recruited. The basis 
for the quotas and the method of recruitment often 
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Disease and non-battle injury (DNBI) rates, by iiiness/injury category, among US military participants, 

Cobra Gold 98, Thailand 
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Fig. 33-2. This example of a bar graph shows the disease and nonbattle injury rates for US military participants in the 
Cobra Gold 98 exercise (Thailand). The data have been divided by illness and injury category. 

Source: Morbidity surveillance during a joint multinational field training exercise (Operation Cobra Gold 98), Thai¬ 
land. Medical Surveillance Monthly Report. 1998;4(6):3. 


leads to bias since people are excluded from the 
study because of convenience factors in finding the 
designated number of subjects. 

Probability Sampling Designs 

Simple Random Sampling 

The most elementary type of probability sample is 
the simple random sample. In this design, each per¬ 
son has an equal chance of being selected for the 
sample from the population under study. To select a 
random sample, the first step is obtaining a list of all 
individuals in the population. Each individual (or 
household or other basic unit) is called a sampling 
unit. A sampling frame is the list of all the sampling 
units in the study population. At times, it may be very 
difficult to generate such a list. Telephone directories 
or personnel lists are examples of lists that may be 
used. It is important to consider possible inaccura¬ 
cies in a given list. If the list is incomplete or not up¬ 
dated regularly, then a biased sample may be drawn. 
Once the list is obtained, each person is assigned a 
number and the numbers are then selected at random, 
usually using a table of random numbers. The sample 
then consists of the sampling units that are selected. 
By chance, even a simple random sample may not ad¬ 
equately represent the underlying target population. 



Fig. 33-3. This example of a histogram shows cases of 
febrile illness among US military personnel in Haiti from 
September 18, 1994, to November 5, 1994. The height of 
each bar represents the frequency. (The graph excludes 
three cases for which dates on onset were unknown.) 
Source: Centers for Disease Control and Prevention. Den¬ 
gue fever among U.S. military personnel—Haiti, Septem- 
ber-November, 1994. MMWR. 1994;43:845-848. 
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Month of Deployment 


Fig. 33-4. This example of an arithmetic line graph shows monthly active duty hospitalization rates for disease, 
injury, battle casualty, and the total rates in Operation Joint Endeavor (Bosnia) from December 1995 to April 1997. 
Source: Medical Surveillance Monthly Report. 1997;3(2):8. 
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Fig. 33-5. This example of a semi-logarithmic scale line graph shows monthly admission rates for disease, nonbattle 
injury and wounded in action worldwide from 1942 to 1945 among US Army troops. 

Source: Lada J, Reister FA, eds. Medical Statistics in World War II. Washington, DC: Office of the Surgeon General, 
Department of the Army; 1975: frontispiece. 
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Systematic Sampling 

This technique is more widely used than simple 
random sampling because it does not require a com¬ 
plete listing of the study population or sampling 
frame. For a systematic sample, a fraction of the 
population to be studied is chosen. Instead of us¬ 
ing a table of random numbers, the investigator 
chooses every k th individual. If one-tenth of the 
population is to be surveyed, then every tenth per¬ 
son in a sequence will make up the study popula¬ 
tion. To begin the selection, a random starting point 
is chosen. For example, a systematic sample of preg¬ 
nant soldiers who deliver in a medical treatment 
facility could be selected such that every 5th woman 
admitted to the maternity ward over a specified 
time period is included. Knowledge about all 
women who are admitted over a given time period 
is not necessary. In fact, it would be impossible to 
generate such a listing of these women before the 
study begins. To obtain an unbiased sample with 
this method, there must not be any periodic order¬ 
ing of the sampling units. 

Stratified Sampling 

In a stratified random sample, the population is 
divided into distinct subgroups or strata based on 
important characteristics, such as age or race, and 
then a simple random sample or systematic sample 
is selected within each stratum. An individual only 
appears in one stratum, and each stratum is de¬ 
signed to be homogeneous with respect to the char¬ 
acteristic being studied. This technique is frequently 
used to increase the numbers of persons from a spe¬ 
cific stratum of the population and therefore may 
improve the efficiency of the sampling design. 

Cluster Sampling 

In cluster sampling, the population is divided into 
large subgroups or clusters that are not homogeneous 
in composition. The clusters then become the sam¬ 
pling unit and a random sample of clusters is obtained. 
All persons in the cluster are in the study or a ran¬ 
dom sample of individuals from the cluster may be 
drawn. The entire population does not have to be enu¬ 
merated in advance. For example, logistically it may 
be too difficult to obtain a random sample of soldiers 
engaged in a field operation. However, it may be pos¬ 
sible to select a random sample of Army units and 
then randomly select soldiers from those units. This 
technique is used for conducting immunization sur¬ 
veys in developing countries. 


Multistage Sampling 

Multistage sampling is more complicated than 
other sampling methods and involves randomly 
choosing, in stages, a series of clusters or subunits 
of a population. For example, multistage sampling 
would be useful when conducting a survey in an 
Army division on the use of personal protective 
measures. The first stage in this sampling scheme, 
or the primary sampling unit, may be a simple ran¬ 
dom sample of the battalions in the division. Then, 
the second stage, or the secondary sampling unit, 
would consist of a simple random sample of the 
companies within the selected battalions (a smaller 
cluster). The tertiary sampling unit would be a ran¬ 
dom sample of the platoons within the chosen com¬ 
panies. Then, within the platoon selected, a random 
sample of soldiers would be taken. An advantage 
of this scheme is that complete enumeration is nec¬ 
essary only for each chosen platoon. 

Standard Error 

A standard deviation is the spread of individual 
observations around the mean in a single sample. 
The standard error is the standard deviation of the 
means of repeated samples randomly drawn from 
the same population. The standard error (SE) of a 
mean of the simple random sample is calculated as 
follows: 

Standard Error of the Sample Mean = SE = -JL 

■JrT 

where s is the estimated standard deviation from the 
sample and n is the sample size. 

When a sample is chosen in an unbiased fash¬ 
ion, then the only source of error is random varia¬ 
tion. The size of the sample and the heterogeneity 
of the population influence this variation. In an 
unbiased sample, as the sample gets larger, it is 
more likely that the sample estimate will be close 
to the value obtained for the target population. In 
other words, the larger the sample, the more pre¬ 
cise the estimate will be. A precise estimate gives a 
value that is likely to be repeated if the sampling 
were done again and again. A smaller standard er¬ 
ror implies greater precision and results from a 
larger sample. 

Sampling can become quite involved and may 
require expert assistance in the planning stages of 
a study. The calculation of the standard error for 
the other probability sampling techniques becomes 
quite complex. With each technique, the investiga- 
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tor must be aware of biases that may be introduced 
in the selection of a study population. A large 
sample size will not correct for a biased sample, and 
the standard error reflects only random variation 
and does not address bias. 

The costs involved in obtaining a sample may 


limit the investigator's choice of sampling method. 
These costs must be balanced against the efficiency 
of the design. In general, the method that produces 
a smaller standard error for a given cost should be 
used. Further discussion of sampling techniques can 
be found elsewhere. 7 


MAJOR TYPES OF STUDY DESIGNS AND MEASURES OF ASSOCIATION USED IN EPIDEMIOLOGY 


Much of epidemiology assesses the relationship 
between exposures or risk factors and disease or 
injury occurrence. In experimental studies, the in¬ 
vestigator has control over some factor or exposure 
that can be altered. This variation in an exposure can 
then be associated with different outcomes. A spe¬ 
cialized form of the experimental approach is the ran¬ 
domized clinical trial. Such studies rarely are feasible 
during a combat deployment. In contrast, training 
exercises commonly present opportunities to conduct 
clinical trials, as noted in a study to determine the ef¬ 
ficacy of new treatments for diarrhea. 9 

The vast majority of epidemiologic investigations 
rely on the observational approach. With this ap¬ 
proach, there is no manipulation of a risk factor, 
but rather the risk factors are evaluated as they vary 
naturally from one individual to another. Different 
outcomes are then observed under natural conditions. 
Control of extraneous variables is accomplished in 
the design of the study or in data analysis. Obser¬ 
vational studies can be descriptive or analytic. De¬ 
scriptive studies characterize the distribution of 
disease in terms of attributes of person, place, and 
time. Analytic studies attempt to evaluate disease 
associations with specific factors. An important 
component of these designs is the availability of a 
comparison or control group. 

Case Series 

Case series, also known as case reports, are col¬ 
lections of notable cases, which, for example, may 
present at a medical clinic during deployment. Case 
series also can result from medical surveillance ac¬ 
tivities. They do not constitute an analytic study as 
there is no comparison or control group, nor are 
they good as descriptive studies since they do not 
report disease rates. They can, however, provide 
insight into potentially important characteristics of 
the disease. For example, several soldiers with acute 
respiratory disease (ARD) were discovered at Fort 
Dix in 1976, one of whom subsequently died. Fur¬ 
ther investigations determined that a new type of 
influenza, swine influenza A, was the cause of this 
morbidity and mortality. 10 


Ecological Studies 

In a study with an ecological design, data are not 
collected on specific individuals, but rather aggre¬ 
gate data are collected on groups of individuals. 
These studies also are known as correlational stud¬ 
ies because a characteristic of a group usually is 
plotted against a characteristic of another group. 
An international comparison of risk factors and dis¬ 
ease based on country-level data is an example of 
the type of data used for ecological analyses. Such 
analyses are usually done as a first step in assessing 
whether a public health problem may exist. Inter¬ 
preting these data can be difficult as an undefined 
factor, on which data were not collected, may ex¬ 
plain the observed association. Moreover, because 
the data are grouped, it is not known whether the 
individuals with the disease are the same individuals 
exposed to the risk factor. For example, an ecologic 
study was conducted to evaluate the relationship 
between alcohol consumption levels and mission 
readiness indicators among shipboard sailors. Data 
on alcohol consumption and various medical and 
legal indicators of mission readiness were not ob¬ 
tained on the same individual. Rather aggregate 
data based on the platforms ships were used in the 
analysis. 11 

Descriptive Studies 

Descriptive studies describe the prevalence, in¬ 
cidence rate, or mortality rate of disease in a popu¬ 
lation according to characteristics of person (Who 
gets the disease?), place (Where do they live or work 
or travel?), and time (When does the disease oc¬ 
cur?). Who gets a disease can be described by fac¬ 
tors such as age, sex, rank, military occupational 
specialty, unit, or immunization status. Where dis¬ 
ease is found can be addressed by information on 
international, national, or local comparisons; urban 
and rural differences; travel history; and altitude 
or climate. Information on how the pattern of disease 
changes with time (secular trends) or the impact of 
seasonal fluctuations describe when the illness oc¬ 
curs. Results from descriptive studies are used to 
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assess the need for health services and to generate 
hypotheses about factors that may cause disease. 
The etiologic importance of these factors can be fur¬ 
ther evaluated using other study designs. For ex¬ 
ample, a medical surveillance system was used to 
track weekly incidence rates of disease and non¬ 
battle injuries among multinational peacekeepers 
deployed to Haiti in 1995. Results from the surveil¬ 
lance system were used to direct health care re¬ 
sources to prevent and treat casualties. 12 

Cross-Sectional Studies 

Cross-sectional studies, also known as preva¬ 
lence surveys, examine the relationship at one point 
in time between risk factors, such as environmen¬ 
tal exposures or demographic factors, and existing 
disease. A problem with the interpretation of find¬ 
ings from a cross-sectional study is that it can be 
difficult to determine the sequence of events. For 
example, if results from a cross-sectional survey 
showed that a measure of stress was associated with 
duodenal ulcers, it cannot be assumed that the stress 
preceded the onset of ulcers since both the risk fac¬ 
tor and the disease were evaluated at the same time. 
Conceivably, the ulcers might have been responsible 
for the stress rather than the reverse. For some ex¬ 
posures that do not vary with time, such as genetic 
factors, a cross-sectional study can provide mean¬ 
ingful information on an exposure-disease relation¬ 
ship. This study design is also useful for studying 
chronic conditions, such as arthritis or chronic res¬ 
piratory disease, where the onset of disease is diffi¬ 
cult to determine. A cross-sectional study is the only 
one that estimates the prevalence of disease, an 
important measure for health care planning pur¬ 
poses. Because these studies determine prevalence 
rather than incidence of disease, they can provide 
only limited information on etiologic factors. Indi¬ 
viduals who are surviving with disease are included 
in cross-sectional studies and individuals who have 
a rapid recovery or die quickly from the disease are 
often not included and thus are underrepresented. 
Results from these studies, however, can be further 
evaluated in cohort and case-control studies. 

In 1990, Smoak and colleagues 13 conducted a 
cross-sectional study of healthy young adults (404 
females and 534 males) at induction into the US 
Army at Fort Jackson, SC. Serum collected on all 
individuals was used to determine the seroprevalence 
of Helicobacter pylori infection. Demographic data were 
abstracted from accession records. The associations 
between antibody levels and several demographic 
factors were then assessed. 


Case-Control Studies 

The defining feature of a case-control study is 
that study subjects are selected as individuals with 
disease (cases) and without disease (controls), then 
data on past exposures that pertain to etiologic fac¬ 
tors are collected in both groups. Cases can be as¬ 
certained from several sources, including hospitals, 
outpatient clinics, and disease surveillance activi¬ 
ties. Possible sources of controls include hospital 
patients who do not have the disease of interest, 
friends or relatives of the case, and a random sample 
of a population such as servicemembers living in 
the same barracks or assigned to the same unit. 

There are several methodological concerns and 
potential biases that must be considered when con¬ 
ducting a case-control study. It is assumed that the 
cases are representative of or include all cases that 
come from the source population and the controls 
are representative of all people without disease in 
the same source population. The definition of a case 
must be clearly specified with criteria for who is 
eligible to be included in the study. It is preferable 
to include only incident cases rather than prevalent 
cases, so that factors that are associated with the 
occurrence of disease can be evaluated rather than 
factors that are associated with surviving with the 
disease. Because exposure is determined after the 
identification of disease, there is the potential bias 
that cases may recall events differently than con¬ 
trols or that an interviewer may query cases differ¬ 
ently than controls. To obtain better comparability 
of cases and controls and to control for potential 
confounding, cases and controls may be "matched" 
on characteristics such as age or sex that are already 
known to be associated with both exposure and dis¬ 
ease. Confounding and potential biases are dis¬ 
cussed in greater detail later in this chapter. 

Although exposure is ascertained after the onset 
of disease in case-control studies, there are several 
reasons why case-control studies are desirable. 
These studies generally require fewer resources, 
fewer study subjects, and less time to collect data 
compared with cohort studies, which are described 
later in the chapter. They also are more feasible for 
the study of rare diseases (Exhibit 33-2). 

Calculation of the Odds Ratio 

When the exposure information and disease status 
are coded as dichotomous variables, the data from a 
case-control study can be arrayed in a 4-fold or 2 x 2 
contingency table. The table in Exhibit 33-3 summa¬ 
rizes the essential data obtained in a case-control 
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EXHIBIT 33-2 

ADVANTAGES AND DISADVANTAGES 
OF A CASE-CONTROL STUDY 


Advantages 

• Smaller number of study subjects required 

compared to cohort studies 

• Relatively inexpensive 

• Relatively quick results 

• Several exposures can be evaluated 

• Efficient for studying rare diseases 

• Efficient for studying diseases with long 
latency 

Disadvantages 

• Temporal relationship between exposure 
and disease may be difficult to establish 

• Possible bias in the selection of cases and 
controls 

• Possible bias in ascertainment of exposure 
(recall bias) 

• Cannot calculate incidence rates individu¬ 
ally for exposed and unexposed groups 
(estimates only the ratio) 


EXHIBIT 33-3 

HOW TO CALCULATE AN ODDS RATIO 


Risk Factor Disease 


Cases Controls 

Exposed 
Nonexposed 

a + c b + d 


a + b 
c + d 


a = the number of individuals who are exposed 
and have the disease 

b = the number of individuals who are exposed 
and do not have the disease 

c = the number of individuals who are nonexposed 
and have the disease 

d= the number of individuals who are nonexposed 
and do not have the disease 


study. A relative risk (RR), also known as a rate ra¬ 
tio, is defined as the risk of disease in the exposed 
divided by the risk of disease in the nonexposed and 
cannot be directly calculated using data from a case- 
control study because the incidence of disease can¬ 
not be determined. In fact, during the design of a 
case-control study, the investigator arbitrarily deter¬ 
mines the estimated number of cases to be studied. 

An estimate of the RR, known as the odds ratio 
(OR), can be calculated. 14 An odds is defined as the 
likelihood of an event happening versus the likeli¬ 
hood of the event not happening. According to the 
notation in Exhibit 33-3, the odds of exposure in 
cases is given by this formula: (a / a + c) / (c / a + c) = 
a/c. Similarly, the odds of exposure in controls is 
b/ d. Therefore, an odds ratio is defined in this way: 

QP _ Odds of Exposure Among the Diseased 
Odds of Exposure Among the Nondiseased 
= (a/c)/(b/d) = ad/bc 


An RR and an OR are known as "measures of 
association" as they measure the association be¬ 
tween an exposure and disease. An RR and an OR 
of greater than one implies a positive association 
of the disease with exposure to the factor (ie, expo¬ 
sure leads to an increased risk of disease). An RR 
and an OR of less than one implies a negative asso- 


EXHIBIT 33-4 

AN EXAMPLE OF THE CALCULATION 
OF AN ODDS RATIO 


Cases Controls 


Ever in Vietnam 
Never in Vietnam 


45 

145 

172 

454 


Odds ratio = ad/bc 

= (45 x 454)/(145 x 172) 
= 20,430/24,940 
= 0.82 


Source: Kang H, Enzinger FM, Breslin P, Feil M, Lee Y, 
Shepard B. Soft tissue sarcoma and military service in 
Vietnam: a case-control study. J Natl Cancer Inst. 
1987;79:693-699. Published erratum: J Natl Cancer Inst 
1987;79:1173. 
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ciation of the disease with exposure to the factor 
(ie, exposure leads to a decreased risk of disease or 
has a protective effect against disease). Finally, an 
RR and an OR of one implies no association between 
disease and exposure to the factor. Thus, the RR 
indicates the strength of the association between a 
factor and a disease and is an important measure 
in studies of disease etiology. 

For example, a case-control study was conducted 
to examine the association of soft tissue sarcomas 
with military service in Vietnam by interviewing 
217 men with soft tissue sarcoma and 599 controls. 15 
The data collected and the odd ratio that can be 
calculated from them are shown in Exhibit 33-4. 

Based on these data, Vietnam veterans had a 
lower risk of soft tissue sarcomas than those men 
who had never served in Vietnam, as the OR is less 
than one. These data can also be interpreted by stat¬ 
ing that there was an 18% lower risk of sarcoma in 
men who served in Vietnam compared with men 
who did not serve in Vietnam. 

Cohort Studies 

Cohort studies also have been referred to as in¬ 
cidence, prospective, follow-up, or longitudinal 
studies. Typically a group of individuals (a cohort) 
that is free of the disease under investigation is as¬ 
sembled, evaluated to determine exposure history 
and other risk factors, and then followed forward 
in time to determine the occurrence of disease. Some 
designs provide for repeated examinations of study 
subjects over the course of the follow-up period. The 
development of disease is then observed in the vari¬ 
ous exposure groups. Incidence of disease can be 
calculated for those who have been exposed to a 
risk factor and for those who have not. If the entire 
cohort has been exposed, then the cohort can be 
compared with the general population or some 
other nonexposed comparison group or well-stud¬ 
ied cohort. A critical feature of this design is the 
comparison between a group of individuals defined 
as exposed and a group defined as nonexposed. A 
major strength of cohort studies is that the expo¬ 
sure is ascertained before the onset of disease. Other 
advantages of the cohort design include the ability 
to calculate incidence rates directly in the exposed 
and nonexposed populations and to evaluate sev¬ 
eral disease outcomes in relation to the defined ex¬ 
posures. These studies, however, are often costly, 
require large numbers of subjects, may require a 
long follow-up period, and are subject to attrition 
problems (known as "lost to follow-up") that can bias 


EXHIBIT 33-5 

ADVANTAGES AND DISADVANTAGES 
OF A COHORT STUDY 


Advantages 

• Ideal time sequence (exposure precedes 
disease) 

• Lack of bias in the measurement of 
exposure 

• Several disease outcomes can be evalu¬ 
ated 

• Efficient for studying rare exposures 

• Yields incidence rates in the exposed and 
unexposed populations 

Disadvantages 

• Often impractical for studying rare 
diseases 

• Long follow-up period may be required 
for outcomes with long latency 

• Relatively expensive 

• Problem of loss of subjects to follow-up 

• Exposure levels may change over time, 
requiring sophisticated follow-up and 
analysis 


the generalizability of results (see Exhibit 33-5). 

Cohort studies also can rely on historical records. 
This design is sometimes referred to as a noncon¬ 
current follow-up study or a historical cohort study. 
For example, a cohort of Navy shipyard workers in 
the 1940s could be assembled based on personnel 
records and then divided into asbestos exposure 
groups based on job title. These workers could then 
be followed to the present for outcomes such as lung 
cancer. An important limitation in this design might 
be the absence of data on smoking exposure since 
this information might not have been captured in 
the historical records. 

Calculation of the Risk Ratio and Rate Ratio 

In a cohort study, the ratio of two proportions 
(based on cumulative incidence data) is called a risk 
ratio (Exhibits 33-6a and 33-6b), while the ratio of 
two rates (based on incidence density sampling) is 
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EXHIBIT 33-6a 




HOW TO CALCULATE A RISK RATIO 

The RR based on cumulative incidence data 
from a cohort study can be readily calculated 
using a 2 x 2 table: 

Risk Factor 

Disease 



Yes 

No 


Exposed 

a 

b 

a+b=Nj 

Nonexposed 

c 

d 

c+d=N 0 


a+c=Mj 

b+d=M 0 


Risk Ratio = [a/(a 

+ b)]/[c/(c + d)J 



EXHIBIT 33-6b 

HOW TO CALCULATE A RATE RATIO 


The RR for data based on incidence density rates 
is displayed in the following way (where PT 
stands for person-time): 

Risk Factor Disease 


Yes 

PT 1 
PT 0 

Rate Ratio = (a/PT^/fc/PTg) 


Exposed 

Nonexposed 


called an incidence rate ratio (IRR). The RR and IRR 
do not measure the probability that someone with 
a risk factor will develop disease; they compare the 
risk or rate of disease in an exposed group with the 
risk or rate of disease in a nonexposed group. The 
calculation of the IRR is illustrated in Exhibit 33-7. In 
a historical cohort study at four Army training cen¬ 
ters during a 47-month period, incidence rates of fe¬ 
brile acute respiratory disease (ARD) were compared 
between basic trainees in modern, energy-efficient 
barracks and those in old barracks. These data were 
collected at Fort Jackson, South Carolina. These data 


show that the crude rate of ARD among basic train¬ 
ees at Fort Jackson who lived in the modern barracks 
is 1.45 times greater than the rate of ARD among ba¬ 
sic trainees who lived in the old barracks. 

Attributable Risk in the Exposed Group 

In addition to the RR, the attributable risk in the 
exposed group (AR e ) also can be calculated from a 
cohort study. The AR e , also known as the risk differ¬ 
ence or excess risk, is defined as the rate of disease in 
the exposed group minus the rate in the nonexposed 


EXHIBIT 33-7 

AN EXAMPLE OF THE CALCULATION OF A RATE RATIO 


Risk Factors 

Modern Barracks 
Old Barracks 
Total 


Admissions for Acute Respiratory Disease at Fort Jackson, 1982-1986 
Yes Person-time 

451,294 trainee-weeks 
647,056 trainee-weeks 
1,098,350 trainee-weeks 


3,355 


3,312 



6,667 

Rate of Disease in Modern Barracks 3,355/451,294 .00743 


Rate of Disease in Old Barracks 


3,312/647,056 .0051 


= 1.45 


Source: Brundage JF, Scott RM, Lednar WM, Smith DW, Miller RN. Building-associated risk of febrile acute respiratory 
diseases in army trainees. JAMA. 1988;259:2108-2112. 


770 




































Epidemiologic Measurement: Basic Concepts and Methods 


group. From the example shown in Exhibit 33-7, the 
rate difference was calculated in this way: 

AR e = Incidence Rate in Exposed - Incidence Rate 
in Nonexposed 

= 3,355/451,294 - 3,312/647,056 

= .00743 - .00512 = 0.0023 

= .23 admissions/100 trainee-weeks at Fort Jackson 

This is the excess amount of disease over baseline 
(estimated by using the nonexposed rate) that is at¬ 
tributed to the exposure. Thus, this measure an¬ 
swers the question, "In Army trainees who live in 
modern barracks, how many of the admissions for 
ARD are attributed to living in modern barracks?" 
If this exposure is eliminated, then the attributable 
risk is the amount of decrease in the disease rate 
that is expected. 

The attributable risk proportion is the proportion 
of the incidence in the exposed population that is 
attributed to the exposure. It also can be presented 
as a percent (AR e %). This measure defines the per¬ 
centage of disease in an exposed population that 
would be prevented by eliminating the exposure. 




AR e % = 

Incidence Rate in Exposed Group - Incidence Rate in Nonexposed Group 
Incidence Rate in Exposed Group 

• 100 




Using the data presented above, 
^.00743 


AR % = 


.00743 


.00512 \ 

- ) • 100 = 31% 


This formula can also be calculated using the RR: 

ARg% = ([RR-1]/RR) • 100 = [(1.45 -1)/1.45] • 100 = 31% 

The attributable risk percent (but not the attribut¬ 
able risk itself) also can be calculated using the OR 
generated from a case-control study. 

Attributable Risk in the Total Population 

The population attributable risk (PAR) is the in¬ 
cidence of disease in the total population that is at¬ 
tributed to the exposure. Since this measure is based 
on the total population, it takes into account both 
exposed and nonexposed individuals. Using the 
data obtained from Fort Jackson, the PAR is calcu¬ 
lated in this way: 


PAR = Incidence in the Total Population - Incidence 
in the Nonexposed Group 

= 6,667/1,098,350 -3,312/647,056 
= .00607-.00512 
= .00095 

= .95 admissions per 1,000 trainee-weeks 

The incidence in the total population must be known 
to use this formula. The population attributable risk 
percent (PAR%) is the percent of the incidence in 
the total population that is attributed to the 
exposure and can be calculated by the formula: 

PAR% = 

( Incidence in the Total Population - Incidence in Nonexposed Group I 
Incidence in the Total Population / 

• 100 

From the above example. 



It can also be calculated using the RR and an 
estimate of the proportion of the population that 
has the exposure (p e ): 


PAR% = p e (RR-l) / [p e (RR-l) + 1] 
451 294 

= =Q41 
Fe 1,098,350 


.41(1.45-1) 
.41(1.45-1) + 1 


.185 

1.185 


100 = 16% 


If the OR is used, then the proportion exposed in the 
control group is substituted for the proportion 
exposed in the population at large. Other terms that 
are used to describe this measure are the attributable 
fraction in the population or etiologic fraction in the 
population. This measure answers the question, 
"What proportion of ARD admissions at Fort Jackson 
can be attributed to living in modern barracks?" 

Measures of attributable risk assume that there 
is a causal relationship between exposure and dis¬ 
ease and, therefore, should be calculated only when 
there is sufficient evidence to imply causality. 

Experimental Studies and Randomized Clinical 
Trials 


The major type of experimental study in medicine 
is the clinical trial. In a controlled clinical trial, the 
investigator manipulates or intervenes with one 
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group (the treatment group) and withholds interven¬ 
tion or gives a placebo to another group. Random 
allocation of patients to various treatment or 
nontreatment groups is the central tenet of random¬ 
ized clinical trials. The randomization of patients 
attempts to make the groups comparable at the onset 
of the study, so any differences noted between the 
two groups can be ascribed to the intervention. This 


design is commonly used for testing drugs or vaccines, 
but it can be used to test any intervention against a 
control. Examples of studies done during US military 
deployments include the treatment of traveler's di¬ 
arrhea with ciprofloxin and loperamide 9 and the effi¬ 
cacy trial of doxycycline chemoprophylaxis against 
leptospirosis. 16 The reader is referred to other texts 17 
for further discussion of this study design. 


BIAS 


Definition 

Bias is manifest in a study when study results 
differ systematically from the true values. It is also 
known as systematic error, as opposed to random 
error or chance. Bias can be introduced at any stage 
of an investigation, including the design, the con¬ 
duct, or the inferences drawn from the results. Because 
of this systematic error, the strength of an associa¬ 
tion can be underestimated or overestimated. Types 
of bias in epidemiologic studies can be broadly clas¬ 
sified into selection bias, information bias, and con¬ 
founding. As the field of epidemiology has evolved 
and study designs have become more elaborate, 
new types of bias have been described. 18 The fol¬ 
lowing is a listing of some of the more common 
types of selection bias and information bias that can 
be found in epidemiologic studies. 

Types of Selection Bias 

Ascertainment Bias 

This bias is the systematic error that arises from 
the method used to identify individuals for a study. 
In cohort studies, selection bias occurs if individu¬ 
als are included in the study based on their disease 
status. In case-control studies, selection bias occurs 
if the likelihood an individual is selected for study 
is based on exposure status. For example, an out¬ 
break investigation may base conclusions on cases 
that are not very ill, as these patients may be more 
willing to participate and be available for an inter¬ 
view. These milder cases of disease may differ from 
more serious cases with respect to exposure factors. 

Healthy Worker Effect 

Individuals who are employed or are inducted 
into military service are more physically fit and 
healthier than the general population, resulting in 
lower disease rates when compared with the total 
population. 


Volunteer Bias 

This error is the result of systematic differences 
between study subjects who volunteer to partici¬ 
pate in a study or who return a questionnaire and 
those who do not. 

Types of Information Bias 

Detection Bias 

This is a systematic error due to methods of di¬ 
agnosis or verification of cases. For example, a pa¬ 
thologist may make the diagnosis for some cases, 
while the diagnosis of other cases is based solely 
on medical records. 

Interviewer Bias 

This systematic error is the result of interviewers 
not questioning study subjects in a uniform manner. 

Measurement Bias 

This bias arises from inaccurate quantification or 
classification of exposures or outcomes. It can re¬ 
sult from the subjectivity of the measurement scale. 

Recall Bias 

This error is the result of differences in either the 
truthfulness, accuracy, or completeness of partici¬ 
pants' recall of events. Recall bias is due to system¬ 
atic differences in recall between the groups being 
compared and often reflects the greater thought a 
sick person will have given to possible explanations 
for his or her plight. 

Avoiding or Reducing Bias 

There are no statistical methods to control for 
selection or information bias that is introduced into 
a study. If a bias is present, the results of the study 
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are very difficult to interpret. There are study de¬ 
sign features, however, that can help reduce or 
avoid some biases. These include blinding the in¬ 
terviewers to the participant's diagnosis; blinding 
the volunteers in a randomized clinical trial so that 
they are unaware of their treatment assignment; 
blinding study staff who review or code data so that 
they are unaware of the diagnosis or treatment; 
achieving high response rates in studies (over 80%); 
comparing the characteristics of individuals who 
are lost to follow-up with those who remain in the 
study; establishing explicit criteria for assessing 
exposures and outcomes; obtaining information 
about exposures from independent sources that are 
unaffected by memory; and recognizing potential 
confounding variables and controlling for them in 
the design or analysis of the study (as described 
below). If there is concern that bias is present in a 
study, it is often possible to estimate the direction 
of the bias (ie, whether the bias results in an appar¬ 
ent association towards the null value of 1.0 or away 
from the null). In a case-control study, for example, 
if some cases do not recall their smoking history 
with the same completeness as the controls, then 
the smoking histories of the two groups may ap¬ 
pear to be more similar than they are. This problem 
with recall would result in a bias toward the null. 

Confounding 

Definition 

Confounding bias occurs when the observed re¬ 
lation between the risk factor and the outcome is 
distorted by the influence of a third variable, the 
confounder. A confounding variable must be asso¬ 
ciated with both the risk factor of interest and the 
outcome. Confounding can be introduced into a 
study because of the complex relationship between 
several exposures or demographic factors and the 
outcome. Thus, as a result of confounding, an ap¬ 
parent association between a specific exposure and 
disease may be noted when no real association ex¬ 
ists. Confounding can also lead to an overestimate 
or underestimate of the true measure of association 
between the risk factor and the disease. Statistical 
tests are not used to assess whether confounding is 
present in a study; several other techniques (de¬ 
scribed below) are available to the investigator to 
assess and control confounding. 

A hypothetical example adapted from a study of 
injury in male and female Army trainees based on 
cumulative incidence rates will demonstrate these 
concepts more clearly. Results from a cohort study 


showed that female trainees were two times more 
likely to develop a stress fracture as compared with 
male trainees. The data are presented in Exhibit 33-8. 

To evaluate the association between sex and 
training injury, factors that might confound the 
relationship need to be assessed. Physical fitness 
and various anthropometric measurements are 
possible confounders because these factors are 
known to be associated with both sex (the expo¬ 
sure) and stress fractures (the disease). To con¬ 
sider the possible confounding effect of fitness, 
the data shown above are stratified into tables 
according to the aerobic fitness of the trainee (1- 
mile run times). For this example, the data are 
divided into two tables, based on those trainees 
who had fast 1-mile run times and those who had 
slow 1-mile run times (Exhibit 33-8). The overall 


EXHIBIT 33-8 

ASSOCIATION BETWEEN SEX AND THE 
RISK OF STRESS FRACTURES AMONG 
ARMY TRAINEES 


Crude 


Sex 

Stress Fracture 



Yes 

No 

Total 

Women 

66 

434 

500 

Men 

52 

748 

800 

Total 

118 

1,182 

1,300 

RR = (66/500)7(52/800) = 

= .132/.065 = 2.0 


Stratified 




Trainees with fast 1-mile run times 


Sex 

Stress Fracture 



Yes 

No 

Total 

Women 

6 

94 

100 

Men 

30 

570 

600 

Total 

36 

664 

700 

RR = (6/100)7(30/600) = 

.06/.05 = 1.2 


Trainees with slow 1-mile run times 


Sex 

Stress Fracture 



Yes 

No 

Total 

Women 

60 

340 

400 

Men 

22 

178 

200 

Total 

82 

518 

600 


RR = (60/400)/ (22/200) = .15/.11 = 1.4 
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or crude RR is 2.0. The RRs within each stratum are 
both less than the crude RR and are similar to each 
other. Therefore, the association is uniform between 
the strata. If the stratum-specific RRs are averaged, 
then the effect of fitness level is removed (ie, con¬ 
trolled for). As noted above, fitness met the defini¬ 
tion of a confounder because it was related to both 
sex (the exposure) and stress fractures (the disease). 
Among those without stress fractures, 14% (94/664) 
of fit trainees were women while 66% (340/518) of 
nonfit trainees were women. Moreover, men who 
were fit had a lower rate of stress fractures com¬ 
pared with men who were not fit [5% (30/600) ver¬ 
sus 11% (22/200)]. These data are used later in this 
chapter to illustrate a common method to control 
for confounding in the analysis of data. 

Controlling for Confounding in the Design of a 
Study 

Randomization 

Randomization is a method of allocating individu¬ 
als to groups based on a predetermined plan, such 
as one based on a table of random numbers. The 
goal is to make comparison groups similar at the 
start of an investigation. This technique is used in 
clinical trials to randomly distribute study subjects 
between the treatment and placebo group. A major 
advantage of randomization is that it can control 
for both known and unknown confounders. The 
disadvantages include the difficulty in maintaining 
the randomization scheme once it is established. 

Restriction 

To control for confounding in the design of a 
study, participants can be restricted to a particular 
category of the confounding variable. For example, 
if smoking is a proposed confounder, then the study 
participants can be restricted to nonsmokers. Some 
problems with this approach include a reduction 
in the number of eligible subjects and a decrease in 
the generalizability of the results. 

Matching 

Study participants can be matched or "balanced" 
with respect to potential confounding variables, 
thereby removing the effect of confounding. This 
approach is frequently used in outbreak investiga¬ 
tions and case-control studies. If a factor such as 


age is already known to be related to both expo¬ 
sure and disease, then the cases and controls can 
be matched on age. Matching in this context con¬ 
trols for the effects of age only if the analysis strati¬ 
fies on the matching factor. Once a factor is used 
for matching purposes, its role as an etiologic fac¬ 
tor cannot be evaluated because the cases and con¬ 
trols have been chosen to be similar with respect to 
this factor. 

In pair matching, each identified case has a cor¬ 
responding control chosen from the pool of eligible 
controls such that the case and control pair will be 
similar with respect to the matching variables. Dur¬ 
ing the analysis, the pair matches must be main¬ 
tained. For outcome exposure variables, the 
McNemar's chi-square test statistic is computed. 
For continuous outcome variables, the paired t-test 
is used. Matched pair analysis may increase the sta¬ 
tistical power of a study. As noted above, however, 
once a factor becomes a matching variable, the ef¬ 
fect of this variable on disease cannot be analyzed. 
At times, it is difficult to find matches, and this 
problem can greatly increase the cost of the study. 
There also is the danger of overmatching, which 
occurs when several factors are controlled for, and 
differences between cases and controls are, there¬ 
fore, minimized. 

Frequency matching refers to matching groups 
on the basis of the prevalence of confounders. For 
example, if 25% of the cases are in the age group 20 
to 24 years, then controls will be chosen such that 
25% of the controls fall in this category. With fre¬ 
quency matching, the data must be stratified by 
these matching variables during the analysis. The 
reader is referred to Kahn and Sempos 7 or Selvin 8 
for a more-detailed discussion on matching. 

Controlling for Confounding in the Analysis of 
the Study 

Stratified Analysis 

Controlling for confounding during the analysis 
of a study can be accomplished using many differ¬ 
ent techniques. The data are divided into strata 
based on the confounding variable, and the analy¬ 
sis is done separately for each stratum. As shown 
in Exhibit 33-8, to assess the relationship between 
sex and stress fractures, the data were divided into 
strata based on fitness level, the confounding vari¬ 
able. In this example, there were two strata—fast 1- 
mile run times and slow 1-mile run times. 
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Mantel-Haenszel Summary Odds Ratio 


The Mantel-Haenszel summary OR (OR MH ) can 
be used to obtain a uniform OR that takes into ac¬ 
count the effect of the confounding. To calculate an 
ORmH' several 2x2 tables (i tables) are constructed 
according to the number of levels of the stratified 
variable. It is assumed that the true OR in each of 
the tables is uniform and that the variability in the 
OR that is observed in each stratum-specific table 
is due entirely to random error. The following is 
the formula for OR MH with the weight for each table 
equal to b^/T,: 


OR M h - 


I /T, 

2Vi/T f 


where a (> b ;> c,> and d ( are cell counts for the i th stratum, 
T, is the total in the stratum and the sum is across the 
strata of the con founder. For cohort studies with count 
denominators, the RR V]H is calculated in this way 19 : 


RRmh - 


2 

2 


a,(c ; - + d ; ) 
c,(a,- + b,) 


Ui 

/ Tj 


[6(30 + 570)/700] +[60(22+ 178)/600] 1 „ 
RRmh “[30(6 + 94)/700] + [22(60 + 340)/600J “ 1-3 

To assess the role of confounding on the relation 
between sex and stress fractures, the adjusted RRmh 
of 1.3 is then compared with the unadjusted RR of 
2.0. The investigator must use his or her judgment 
to determine if the unadjusted or adjusted RR 
should be reported. As a rule, if there is more than 
a 10% change in the RRmh compared with the crude 
RR, then the RRmh should be presented; in this 
example, the RRmh would be reported as it is the 
best estimate of the association between sex and 
stress fractures. 

Of note, if the RRs are not similar across the 
strata, then it is not appropriate to present a sum¬ 
mary RR. Rather, RRs for each stratum are reported 
separately. This phenomenon is called interaction 
or effect modification. Statistical tests can be per¬ 
formed to determine the heterogeneity of the stra¬ 
tum-specific RRs. See the text by Kahn and Sempos 7 
or Selvin 8 for further discussion of these methods. 

Multivariate Analysis 


For cohort studies with person-year denominators, 
the IRR M h is calculated in this fashion 19 : 


2 h:(PT 0l ) /T 




2 %(PT 1; ) /T, 


In Exhibit 33-8, where the data were stratified into 
two tables based on fitness level, the RRmh 1S 
computed as follows: 


Multiple logistic regression is another technique 
used to control for confounding variables. In ad¬ 
dition to controlling for multiple confounders, this 
approach is also used for predictive modeling of 
epidemiologic data. The reader is referred to soft¬ 
ware packages such as EGRET (Statistics and Epi¬ 
demiology Research Corporation, Seattle, Wash) or 
SAS (SAS Institute, Inc, Cary, NC) and to texts 7,8 for 
further discussion of these techniques. 


HYPOTHESIS TESTING 


Elements of Hypothesis Testing 

There are several possible explanations to ac¬ 
count for an observed increased (or decreased) RR 
or OR. The association could have been observed 
by chance. The findings could be the result of bias 
or confounding or both. Finally, the association 
could represent a cause-and-effect relationship. 

The purpose of statistical hypothesis testing is 
to determine the role random variation or chance 
plays in interpreting the results of a study. Hypoth¬ 
esis testing is a structured process. Before a study 
begins, an epidemiologic question or hypothesis is 
formulated. The hypothesis is stated in two forms: 
the null hypothesis (H 0 ) and the alternative hypoth¬ 


esis (H 1 ). The null hypothesis always states that 
there is no association between the risk factor and 
disease in the population or no difference in outcomes 
between the two groups compared. An example of 
a null hypothesis is that there is no difference in 
malaria risk between servicemembers who use 
bednets and those who do not. The alternative 
hypothesis always states that there is an association 
between the risk factor and disease in the popula¬ 
tion: that there is a difference in the risk of malaria 
between bednet users and nonusers. A two-sided 
alternative hypothesis implies that the difference 
may go in either direction. A one-sided alternative 
hypothesis states that the difference can only be in 
one direction, (eg, there is an increased risk of ma- 
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EXHIBIT 33-9 
HYPOTHESIS TESTING 


Conclusion from 

hypothesis test us- True situation in the 
ing the sample data population 



Difference 

No Difference 


Exists (Hj) 

Exists (H 0 ) 

Difference exists 

Correct, 

Type I error. 

(reject H 0 ) 

Power (I-|3) 

a error 

No difference 

Type II error, 

Correct 

(do not reject H 0 ) 

|3 error 



laria associated with nonuse of bednets). One-sided 
alternative hypotheses should be used when there 
is prior evidence that the difference is in only one 
direction and a finding in the opposite direction 
would not be believed. 

Statistical tests are based on a null hypothesis 
under which any observed difference between two 
groups would be attributed to chance in the data. 
The purpose of statistical testing is to determine 
whether the null hypothesis can be confidently re¬ 
jected. Thus, these tests determine the probability 
that an association as strong or stronger than the 
one observed could have occurred by chance alone 
if no association really existed. There is some prob¬ 
ability that the null hypothesis will be rejected 
when, in fact, it is true. This risk is determined by 


the significance level chosen for the test. For ex¬ 
ample, if the null hypothesis is rejected at the 5% 
level, this means that there is a 5% chance of reject¬ 
ing the null hypothesis when it is true. 

Type 1 error occurs when the H 0 is rejected when 
it is actually true. This is signified by a. An a level 
of 0.05 or 0.01 is often used in studies. A type II er¬ 
ror (or (3 error) occurs when the study results fail to 
reject H 0 when it is actually false. The levels set for 
|3 typically are 0.10 or 0.20. Power, a statistical term 
defined as 1-|3, is the ability to detect a difference 
when a difference exists. Thus, if the (3 error is 0.20, 
then the power of a study is 80%. Generally speak¬ 
ing, the larger the sample size, the greater the power 
of a study. Exhibit 33-9 summarizes the relationship 
between a level and |3 level. Exhibit 33-10 summa¬ 
rizes the necessary steps in hypothesis testing. 

p Value 

The p value is based on the assumption that the 
null hypothesis is true. It reflects the probability of 
obtaining a measure of association such as a RR or 
OR as large as (or larger than) the one observed in 
the study if the null hypothesis is correct. A very 
small p value means that the measure of associa¬ 
tion that is observed is very unlikely if the null hy¬ 
pothesis is true. For example, if a statistical test is 
significant at a p value of less than 0.05, this means 
that under the null hypothesis less than 5% of the time 
a difference of the observed magnitude or greater 
would occur by random variation alone. It should be 
noted that 5% is an arbitrary cut-off point used to re¬ 
ject the H 0 and many epidemiologists do not place 
much value on p < .05. If the exact p value is reported, 
then the level of significance can be better assessed. 


EXHIBIT 33-10 

STEPS IN STATISTICAL SIGNIFICANCE TESTING 

• State the hypothesis: an association exists between the factor and disease 

• Formulate the null hypothesis: no association exists between the factor and disease 

• Choose a and |3 levels 

• Collect data 

• Choose and apply the correct statistical test 

• Determine the probability of obtaining the observed or more extreme data if null hypothesis is true 

• Reject or fail to reject the null hypothesis based on observed p value 
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Confidence Interval 

A confidence interval is a range of values of a mea¬ 
sure of association, such as the RR or OR, that has a 
defined probability of containing the true measure. 
Thus, a 95% confidence interval implies that if a study 
is repeated 100 times, 95 times the true value of a 
measure such as a RR will fall within the confidence 
interval. Confidence intervals of 90% and 95% are 
commonly used. The upper and lower bounds of a 
confidence interval define the limits of the interval. 
When the 95% confidence interval does not include 
1.0 (eg, the null value for a RR), then the association 
is considered statistically significant and has similar 
meaning to rejecting the null hypothesis at the p-value 
less than 0.05 level. In addition to providing informa¬ 
tion on the statistical significance of a test, a confi¬ 
dence interval conveys information on the precision 
of the point estimate as noted by the width of the con¬ 
fidence interval. The width of a confidence interval is 
determined both by the size of the study and the level 
of confidence that the investigator chooses. The larger 
the sample size, the more precision in the study find¬ 
ings. As a sample size increases, the confidence inter¬ 
val becomes narrower. 

Confidence Interval Based on a Proportion 


found that 17.2% lacked measles antibody. 20 The 
95% Cl for this percentage was calculated in this way: 


p = 0.172 
n = 1,504 
z = 1.96 


SE(p) yj—^—= SE(.172) =/ \ 


172(1 - .172) 


1,504 


= .0097 


95% Cl = p ± 1.96 • SE(p) = 172 ± 1.96 • .0097 
= (.153, .192) = (15.2%, 19.2%) 


Confidence Interval Based on Rate Ratio 

Consider the study of building-associated risk of 
febrile ARD in Army trainees. 21 The IRR based on 
the incidence rate of ARD in trainees living in mod¬ 
ern barracks versus old barracks in Fort Jackson was 
1.45. A 95% Cl for IRR can be constructed using the 
method shown in Exhibit 33-11 based on Woolf's 22 
estimate of the standard error of the natural log (In) 
of the IRR. This is interpreted to mean that there is 
a 95% chance that the interval (1.38, 1.52) includes 
the true value of the IRR in the population. Because 
the interval does not include the null value 1.0, the 
result is statistically significant. 


A prevalence can be expressed as a proportion 
or a percentage. The standard error for a propor¬ 
tion is calculated in the following way: 


SE(p) = \ 


pd-p) 


n 


Confidence Interval Based on an Odds Ratio 

Constructing a Cl based on an OR can also be 
best understood by working through an example. 
Consider the case-control study of soft tissue sar¬ 
coma and military service in Vietnam. 15 The OR 


and the 100(l-a)% confidence interval (Cl) is 
calculated using this formula: 

100(1 - a)% = p ± Z„ • SE(p) 

2 

where p is the proportion and n is the sample size. 
When the sample size is large [np is > 5 and n(l - p) 
is > 5], then p approximates a normal distribution. 
The critical value of the standard normal distribu¬ 
tion associated with a specified level of confidence 
is z. Tables of critical values of the standard normal 
distribution that correspond to desired levels of 
confidence can be found in standard statistic text¬ 
books. For a 95% Cl, a = 0.05 a/2 = 0.025, and z 025 
corresponds to the critical value of 1.96. 

The following example illustrates how to calcu¬ 
late a 95% Cl using prevalence data. A serologic 
survey of vaccine-preventable infections conducted 
in 1,504 US Army recruits without prior service 


EXHIBIT 33-11 

AN EXAMPLE FOR THE CALCULATION 
OF A 95% CONFIDENCE INTERVAL FOR 
A RATE RATIO 


IRR = 95%C1 = expjln(IRR) ± 1.96 

= exp|ln(1.45) ± 1.96 
= (1.38, 1.52) 


/I 1\J 


(i + c)J 


( 1 + 

1 'll 

V 3,355 

3,312 )\ 


Source: Brundage JF, Scott RM, Lednar WM, Smith DW, 
Miller RN. Building-associated risk of febrile acute respira¬ 
tory diseases in army trainees. JAMA. 1988;259:2108-2112. 
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comparing men who never served in Vietnam to 
those who ever served in Vietnam was 0.82 (see 
Exhibit 33-4). A 95% Cl for the OR in the popula¬ 
tion can be constructed using the following method 
based on Woolf's 22 estimate of the standard error 
based on the OR: 


95% Cl = 


a.e*p[ln<ORM.%^(i + -Ui + i)] 


:exp[ln(0.82)±1.96 -L-_L+-!_+_!_)] 

F L MV 45 145 172 454/J 


= (0.56,1.20) 

This means that there is a 95% chance that the 
interval (0.56,1.20) includes the true value of the OR 
in the population. Because this interval includes the 
null value (1.0), the result is not statistically significant. 

In addition to the method proposed by Woolf, 
there are other formulas to construct confidence 
intervals around a RR or OR, and they are discussed 
elsewhere. 7,8 


Calculation of the Mantel-Haenszel Chi-square 
Test Statistic 


If study participants are classified by the pres¬ 
ence or absence of an exposure and the presence or 
absence of disease (ie, a 2 x 2 table), then the chi- 
square (x 2 ) test is an appropriate test statistic. In 
epidemiologic studies, the Mantel-Haenszel sum¬ 
mary chi-square (x 2 mh) is often used as it combines 
information from each table in a stratified analysis 
resulting in a test statistic that measures the over¬ 
all association between a risk factor and disease. 

For a series of 2 x 2 tables or i tables (as shown 
above for the Mantel-Haenszel summary RR), the 
Mantel-Haenszel chi-square is calculated in this way: 


v 2 

X MH “ 



n N 1/ N 0 ,M 1| M 0| - 

n t, 2 (t,-d 


The chi-square value obtained from the study is 
then compared with a table of chi-square distribu¬ 
tions with one degree of freedom, or its square root 
can be looked up in a normal distribution table. 
These tables are usually included in statistic books. 
The chi-square test statistic corresponds to a p value 
(explained below). The chi-square test statistic is 


more likely to be statistically significant as the 
sample size gets larger or as the difference between 
the two groups gets bigger. 

For example, to test the hypothesis that sex is 
related to the risk of stress fractures in trainees, the 
Mantel-Haenszel chi-square would be the appro¬ 
priate test statistic as it is designed to incorporate 
data from a stratified analysis. First the hypothesis 
is posed in terms of the null: there is no difference 
in the risk of stress fractures among male and female 
trainees. An alternative hypothesis is then formulated 
stating that there is a difference in the proportion 
of male versus female trainees who develop stress 
fractures during basic training. A Mantel-Haenszel 
chi-square is always a two-sided test. From the data 
that were collected (see Exhibit 33-8), the Mantel- 
Haenszel chi-square would be calculated as follows: 

2 [66 - (100*36/700 + 400*82/600)] 2 

X mh — 100*600*36*664/ (700 2 *699) 

+ 400 • 200 • 82 • 520 / (600 2 • 599) 

= 1.92 

This Mantel-Haenszel chi-square corresponds to a 
p value of 0.17. Exact probabilities for a given chi- 
square value can be obtained from software 
packages such as Epi Info and SAS. Exhibit 33-12 
presents a partial table of critical values of the chi- 
square with one degree of freedom. From this table, 
the chi-square of 1.92 falls between the p values of 
0.20 and 0.10. In these data, no statistically 
significant association exists between sex and the 
risk of stress fractures once the effect of aerobic 
fitness has been controlled since the p value is 
greater than the arbitrary cut-off level of 0.05. 

Of note, there are many other types of test statis¬ 
tics that can be used for hypothesis testing, depend- 


EXHIBIT 33-12 

CHI-SQUARE CRITICAL VALUES FOR 
VARIOUS PROBABILITIES (ONE DE¬ 
GREE OF FREEDOM) 


p * 0.50 0.20 0.10 0.05 0.02 0.01 0.005 0.001 

/ 0.455 1.642 2.706 3.841 5.412 6.635 7.879 10.827 

Probability of obtaining an observed value as large as 
or larger than the one observed in the study under the 
null hypothesis 


778 












Epidemiologic Measurement: Basic Concepts and Methods 


ing on the type of variables in a study and whether 
certain assumptions are made about the underlying 
distribution of the data. These inferential procedures 
are called nonparametric statistics or distribution-free 
statistics. The reader is referred to several texts for a 
discussion of the use of other test statistics. 7,8,23 

Sample Size and Power 

The calculation of a sample size depends on the 
study design and the measure of outcome variables. 
For example, to calculate a minimum sample size 
needed for a case-control study, the investigator de¬ 
termines the following parameters: the a level (eg, 
0.05), the p level (eg, 0.20), the minimum size of the 
OR that will be significant at the 0.05 level (eg, OR 
= 2.0), and the proportion of subjects exposed ver¬ 
sus nonexposed (Exhibit 33-13). 

The power of a test is the probability of rejecting 
H 0 if in fact it is false (a correct decision). Power 
calculations are important in planning a study, as 
the larger the study population, the greater the 
probability of detecting a difference if a difference 
really exists. Power calculations are also important 
in the evaluation of a negative study. The conclusion 
that no association was found may be the result of 
a small sample size or a true lack of association. In 
a case-control study, multiple controls are commonly 
obtained for each case to increase the sample size 
and therefore the power of the study. This is usu¬ 
ally done if the cost of accruing controls is low. In 
calculating the power (I-P) for a case control study, 
four basic parameters are required: a (Type I error), 
difference or effect size, the proportion of the popu¬ 
lation exposed to the risk factor, and sample size. 

There are several computer programs now avail¬ 
able to determine sample sizes when planning a 
study and to solve for power in evaluating the con- 

STATISTICAL ASSOCIATIONS AND 

Statistical associations from well-controlled experi¬ 
mental studies may represent cause-and-effect rela¬ 
tionships. In epidemiology, however, most studies are 
observational (ie, the investigator does not determine 
who is exposed and who is nonexposed), and im¬ 
portant decisions affecting preventive medicine and 
public health activities must be made on the basis of 
observational data. Since statistical tests do not pro¬ 
vide proof of a causal relationship between an expo¬ 
sure and disease, guidelines have been established 
over the years to aid epidemiologists in deciding 
whether a statistical association obtained from an ob¬ 
servational study design is "causal." 24 


EXHIBIT 33-13 

COMMON ELEMENTS IN CALCULAT¬ 
ING SAMPLE SIZE FOR A STUDY 

• Determine the type of study design 

• State the null hypothesis 

• State the alternative hypothesis and deter¬ 
mine if a 1- or 2-sided test is needed 

• Determine the appropriate measure of 
association 

• Determine type I error (a) and power (I-|3) 

• Determine the proportion of the population 
exposed to risk factors 

• Determine the magnitude of measures of 
association 


elusions of a negative study. Epi Info is one such 
program that is useful for epidemiologists in the 
field. 

Statistical Significance Versus Clinical Significance 

The word significant in the expression statistically 
significant is often misinterpreted as representing 
the medical or biological significance of an associa¬ 
tion. For example, a small difference in the mean 
diastolic blood pressure between two groups may 
be statistically significant if the groups are very 
large, but this finding may or may not be of clinical 
or biological significance. In addition, statistical sig¬ 
nificance addresses only random error, not bias or 
confounding. Thus, an incorrect result due to bias 
may show statistical significance. 

CAUSE-AND-EFFECT RELATIONSHIPS 

One important criterion is the strength of the as¬ 
sociation or the size of the RR. In general, the larger 
the RR, the greater the likelihood that the association 
is causal. Even if some uncontrolled or unknown con¬ 
founding is present, it is unlikely that controlling for 
this confounder could decrease the RR sufficiently 
to make the association unimportant. However, 
uncontrolled confounding plays a more important 
role when the RR is close to 1.0 and could account for 
the magnitude of the risk that is reported. Another 
important criterion to determine if an association is 
causal is that the exposure must precede the disease. 
This temporal relationship is not always clear in a 
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cross-sectional or case-control study and is one rea¬ 
son why these studies are not conclusive. A strength 
of the cohort design is that the exposure always pre¬ 
cedes the disease. Another criterion is biological plau¬ 
sibility. If the relationship between the exposure and 
disease outcome makes sense in terms of known 
biological facts and mechanisms, then it is more 
plausible that the exposure could cause the disease. 
Although a threshold effect is found for some biologi¬ 
cal phenomena, in general, a dose-response relation¬ 


This chapter was written to provide military 
preventive medicine personnel with a better under¬ 
standing of the fundamental epidemiologic methods 
and tools used during outbreak investigations and 
medical surveillance during deployments. The pub¬ 
lic health officer on deployment often is faced with 
assessing whether a public health problem exists 


ship between exposure and disease is another crite¬ 
rion that may help establish a cause-and-effeet rela¬ 
tionship. A spurious association, however, may also 
exhibit a dose-response relationship. Finally, although 
the design of any given study may have unique fea¬ 
tures or may introduce bias, findings that are consis¬ 
tent across studies, especially studies with different 
designs or conducted in different populations, sug¬ 
gest a cause-and-effect relationship. This is one of the 
most important tenets used by epidemiologists. 


among servicemembers; proposing a plan; 
implementing an appropriate intervention; and 
then evaluating the impact of an intervention. 
Using appropriate epidemiologic methods to 
collect data, to interpret data, and to present data 
in an understandable format will greatly aid in 
this mission. 
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Laboratory Support for Infectious Disease Investigations in the Field 


INTRODUCTION 


Infectious disease surveillance and outbreak in¬ 
vestigations in a field environment differ significantly 
from those conducted in a hospital, clinic, or labora¬ 
tory and require special planning and coordination. 
Microbiology laboratory support may be hundreds 
or even thousands of miles away from a theater of 
military operations. Methods of specimen collec¬ 
tion, storage, and transportation routinely used in 
a clinical setting are often not appropriate in a field 
setting. This chapter describes some of the special 
laboratory considerations needed to conduct infec¬ 
tious disease surveillance and outbreak investiga¬ 
tions in a field environment. It was written for the 
military specimen collector and is not meant to be 


a laboratory guide for microbiologists. Consider¬ 
ations are discussed below for planning investiga¬ 
tions, such as study purpose, study design, and 
laboratory support. Brief descriptions of common 
microbiological diagnostic methods are provided 
to aid in the selection of proper specimens for ex¬ 
amination. Special considerations for specimen col¬ 
lection, handling, and storage are described. And 
finally, issues relating to specimen shipping are 
discussed. This information provides the medical 
investigator with the knowledge necessary to en¬ 
sure that an investigation yields results that are 
useful to both the health care provider and the mili¬ 
tary commander. 


STUDY CONSIDERATIONS 


The usefulness of the information to be gained from 
a field study depends greatly on careful planning and 
coordination before the study begins. Issues such as 
study purpose and design must be addressed before 
the start of the study (see Chapter 32, Outbreak In¬ 
vestigation). Laboratory support is also an issue that 
needs to be addressed early. Preventive medicine per¬ 
sonnel need to understand the available laboratory 
resources; this will aid in coordination and facilitate 
testing and reporting. Deployable military medical fa¬ 
cilities are not usually equipped with microbiology 
laboratory capabilities, so organic microbiology labo¬ 
ratory capabilities are often lacking in the theater. 
However, during some large-scale operations, the 
Theater Area Medical Laboratory or the Navy For¬ 
ward Laboratory may be deployed to provide some 
diagnostic capabilities to the theater of operations. 1 


These laboratories are staffed with selected person¬ 
nel and equipped with relevant but limited diagnos¬ 
tic capabilities. Often permanent (nondeployable) 
laboratories must be solicited for support. Army and 
Navy infectious disease research laboratories can 
serve as both reference and support centers (Exhibit 
34-1). Because these laboratories have been given a 
formal mission of surveillance for emerging infectious 
diseases and provided with a budget to conduct sur¬ 
veillance and outbreak investigations, they can be 
considered for laboratory support for an infectious 
disease outbreak or surveillance investigation. If 
support from the military medical system is not 
available for the disease of interest, support from an 
international reference laboratory may be obtained. 
A partial list of international laboratories is shown in 
Exhibit 34-2. 


LABORATORY DIAGNOSIS OF INFECTION 


A principal role of a clinical microbiology labo¬ 
ratory is to provide accurate information about the 
presence or absence of microorganisms that may be 
involved in a patient's disease process. In a military 
environment, the identification of causative organ¬ 
isms is important for two reasons: first, therapeu¬ 
tic intervention is now possible for many infectious 
diseases, thus allowing for earlier return to duty of 
infected personnel, and second, combat commanders 
need to be informed of the medical threats facing 
their units. 

A fundamental step in any diagnosis is the choice 
of an appropriate specimen, which ultimately de¬ 
pends on an understanding of the pathogenesis of 
infectious diseases. Awareness of the types of diag¬ 
nostic tests available and their complexity will facili¬ 


tate choosing the appropriate specimen (Table 34-1). 
Microbiological tests fall into four main categories: (1) 
identification of microorganisms by microscopic ex¬ 
amination, (2) identification of microorganisms by 
isolation and culture, (3) detection of a specific mi¬ 
crobial component or product, and (4) detection of 
specific antibodies to a microorganism. 2 General 
principles and applicability of various diagnostic 
assays in each of these four categories will be dis¬ 
cussed below and are shown in Table 34-2. The in¬ 
formation provided is not meant to be a "cookbook" 
description of each assay for use by a microbiologist. 
Rather, information is provided to aid medical inves¬ 
tigators in the field in identifying and collecting 
appropriate specimens for transport to supporting 
laboratories. 
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EXHIBIT 34-1 

LIST OF US DEPARTMENT OF DEFENSE MEDIAL RESEARCH LABORATORIES 

FOR INFECTIOUS DISEASES* 

Army CONUS Laboratories 

Navy CONUS Laboratory 

Walter Reed Army Institute of Research 

Naval Medical Research Command 

503 Robert Grant Avenue 

503 Robert Grant Ave 

Silver Spring, MD 20910-7500 

Silver Spring, MD 20910-7500 

Phone: (301) 319-9100 

Phone: (301) 319-9208 

Fax: (301) 319-9227 

Fax: (301)319-7410 

US Army Medical Research Institute of Infectious 
Diseases 

Navy OCONUS Laboratories 

1425 Porter Street 

Fort Detrick, MD 21702-5011 

Naval Medical Research Institute Detachment 
(Peru) 

Phone: (301) 619-2833 

American Embassy, Unit 3800 

Fax: (301) 619-4625 

APO AA 34031 

Phone: 51-1-561-2733 

Army OCONUS Laboratories 

Fax: 51-1-561-3042 

Armed Forces Research Institute of Medical 

US Naval Medical Research Unit No. 2 (Indonesia) 

Sciences 

Box 3, Unit 8132 

US Army Medical Component—Thailand 

APO AP 96520-8132 

APO AP 96546 

Phone: 62-21-421-4457 

Phone: 66-2-644-4888 

Fax: 66-2-247-6030 

Fax: 62-21-424-4507 

US Naval Medical Research Unit No. 3 (Egypt) 

US Army Medical Research Unit—Kenya 

PSC 452, Box 5000 

Unit 64109 Box 401 

FPO AE 09835-0007 

APO AE 09831-4109 

Phone: 20-2-684-1375 

Phone: 254-2-729-303 

Fax: 254-2-714-592 

Telephone and fax numbers may have changed. 

CONUS: continental United States 

OCONUS: outside the continental United States 

Fax: 20-2-684-7139 


Identification of Microorganisms by Microscopic 
Examination 

Direct microscopic inspection of clinical specimens 
is usually the fastest and most economical method 
available for the detection of microorganisms. Some 
infectious agents can be reliably identified with only 
a few simple stains and a basic microscope—with¬ 
out the need for time-consuming and expensive 
cultivation techniques. In addition, microscopic 
methods sometimes permit diagnosis of infections 
when microorganisms cannot be cultivated and in 
specimens where the microorganism is no longer 
viable. Numerous methods for microscopic exami¬ 
nation exist, including bright field, dark field, 
phase-contrast, fluorescence, and electron micros¬ 
copy. The best method to use in a given situation 
depends on the equipment and reagents available 


in the support laboratory. A description of the prin¬ 
ciples and applicability of the various microscopy 
methods is beyond the scope of this chapter but can 
be found in common microbiological laboratory 
texts. 3-5 

Identification of Microorganisms by Isolation 
and Culture 

In general, rapid diagnostic methods, which today 
exist for a broad range of microorganisms, are pre¬ 
ferred over the time-consuming and labor-intensive 
methods of isolation and cultivation. Cultivation of 
microorganisms requires a day to several weeks, but 
many of today's rapid diagnostic methods require 
only a few minutes to a few hours. Nevertheless, 
cultivation is still the gold standard for diagnosis 
of infectious diseases, and it is likely to remain one 
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EXHIBIT 34-2 

PARTIAL LIST OL INTERNATIONAL RELERENCE LABORATORIES 
FOR COMMUNICABLE DISEASES* 


Center for Applied Microbiology Research 
Porton Down 

Salisbury Wiltshire SP4 OJG 
United Kingdom 
Phone: 44-1980-612100 
Fax: 44-1980-611096 
www.camr.org.uk 

Centers for Disease Control and Prevention 
National Center for Infectious Diseases 
1600 Clifton Road, N.E. 

Atlanta, Georgia 30333 
USA 

Phone: 1-800-311-3435 
Fax: 1-404-639-2334 
www.cdc.gov 

Epicentre 
8 Rue St Sabin 
75011 Paris 
France 

Phone: 33-1-40-212850 
Fax: 33-1-40-212803 

Institut de Medicine Tropicale Prince Leopold 
Nationalestraat 155 
B-2000 Antwerp 
Belgium 

Phone: 32-3-247-6666 
Fax: 32-3-216-1431 
www.itg.be 


National Institute of Infectious Disease, Japan 
1-23-1 Toyama 
Tokyo 162-8640 
Japan 

Phone: 81-3-5285-1111 
Fax: 81-3-5282-1150 
www.nih.go .jp 

Public Health Laboratory Service 

61 Colindale Ave 

Colindale, London NW9 5HT 

United Kingdom 

Phone: 44-181-2004400 

Fax: 44-181-2007874 

www.phls.co.uk 

South African Medical Research Council 

PO Box 9070 

7505 Tygerberg 

Republic of South Africa 

Phone: 27-21-9380911 

Fax: 27-21-9380200 

www.mrc.ac.za 

Statens Seruminstitut 
Artillerivej 5 
2300 Kobenhavn S 
Denmark 

Phone: 45-32-683268 
Fax: 45-32-683868 
www.serum.dk 


Specimens should be forwarded to these or other laboratories only after consultation. Proper shipping 
containers must be used, and all regulations for shipping hazardous, high-risk specimens must be ob¬ 
served. Telephone and fax numbers may have changed. 


of the more important microbiological methods in 
the laboratory for some time. Cultivation of micro¬ 
organisms isolated from patient specimens is often 
necessary before laboratory technicians can carry out 
the multitude of assays needed to identify or differ¬ 
entiate the agent from among various disease-caus¬ 
ing agents or determine the susceptibility of isolated 
microorganisms to various antimicrobial agents. 

Unfortunately, there is no universal method for 
the cultivation of all microorganisms. Each micro¬ 
organism has its own optimum conditions for 
growth, which vary widely. The determination of 
the optimum cultivation conditions for various mi¬ 
croorganisms has taken years of experimentation, 
and the optimum conditions for many microorgan¬ 


isms remain unknown. However, the various meth¬ 
ods available for the cultivation of a broad range of 
microorganisms can be divided into three main 
categories: cultivation using artificial media, cultiva¬ 
tion using cell culture, and cultivation using experi¬ 
mental animals. Descriptions of these methods can be 
found in common microbiological laboratory texts. 2,6 

Detection of Microbial Components or Products 

Clinical microbiologists now have many new tech¬ 
niques to aid them in the laboratory diagnosis of in¬ 
fectious diseases. These new methods may involve the 
detection of structural components of the microorgan¬ 
ism, detection of microbial products (eg, toxins), or 
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TABLE 34-1 

LABORATORY SPECIMENS REQUIRED FOR TESTS FOR PARTICULAR CAUSATIVE AGENTS 


Suspected Agent or Disease 

Specimen 

Test 

Arbovirus 

Blood or brain (-70°C) 

Isolation 


Blood or serum (4°C) 

Serology 

Cholera 

Rectal swabs or stool specimens in transport 
medium, as recommended by the laboratory 

Culture 

Gastroenteritis 

Stool 

Culture (bacterial,viral), 
electron microscopy, 
ELISA 


Blood or serum (4°C) 

Serology 

Hepatitis 

Serum (4°C) 

ELISA 

Legionella 

Sputum in enrichment broth, blood 

Culture; FA 

Malaria 

Blood (thick and thin smears) 

Staining 

Meningococcal meningitis 

Spinal fluid, blood, pharyngeal swabs (all on 
transport media) 

Culture, counter- 
immunoelectrophoresis 

Plague 

Bubo fluid, blood (in broth or on blood agar slants) 

Culture, FA 

Rabies 

Brain (-70°C) 

FA and isolation 

Salmonella typhi 

Blood (early in disease) in enrichment broth 

Culture 

Shigella 

Rectal swabs in enrichment broth or fecal 

Culture 


specimens 


Typhus 

Blood 

Inoculation 


Serum (4°C) 

Serology 

Varicella and Suspected Smallpox 

Lesion fluid, crusts 

Electron microscopy, 
cell culture 


ELISA: Enzyme-linked immunosorbent assay 
FA: Fluorescent antibody test 

Source: Reprinted with permission from Bres P. Public Health Action in Emergencies Caused by Epidemics. Geneva: World Health Orga¬ 
nization; 1986: 238. 


detection of specific gene sequences. Since these meth¬ 
ods do not depend on the growth and multiplication 
of microorganisms, they are potentially more rapid 
than culture methods. In addition, these methods per¬ 
mit diagnosis of uncultivatable agents and are more 
specific than direct microscopic examination. They are 
potentially applicable to all microorganisms, as long 
as specific antibodies or probes are available. A brief 
explanation of the principles of several of the more 
common techniques is provided below. 

Detection of Microbial Antigens or Products 

Methods for the detection of microbial antigens 
or products rely on the ability of microorganism- 


specific antibodies to bind microbial antigens or 
products. Monoclonal antibodies, which are increas¬ 
ingly being used in microbiology, are highly specific 
and allow for distinction among different species and 
among strains of the same species. As more antigen- 
specific monoclonal antibodies become commercially 
available, the detection of microorganisms will be 
accomplished with a higher degree of sensitivity 
and specificity than was ever possible before. How¬ 
ever, these methods are limited by the availability 
of specific antibody probes. Detection of the antibody- 
antigen reaction is facilitated by the use of labeled 
antibodies. Antibodies can be labeled with fluorescent 
markers, particles (eg, latex), enzymes that permit 
colorimetric analysis, or radioisotopes. Available 
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TABLE 34-2 

USE OF VISUALIZATION AND OTHER TECHNIQUES FOR LABORATORY EXAMINATIONS 


Agent 




Techniques 



Direct Microscopy 
Gram Geimsa 
Stain Stain 

IF 

EIA and 

ELISA 

Histopathological 
and Cytological 

Biochemical 

Parasitic 


+ 

+ 

+ 

+ 

+ 

Mycotic 


+ 

+ 

+ 

+ 

+ 

Bacterial 

+ 

+ 

+ 

+ 

+ 

+ 

Mycoplasmal 


+ 

+ 

+ 


+ 

Rickettsial 


+ 

+ 

+ 

+ 

+ 

Chlamydial 


+ 

+ 

+ 

+ 

+ 

Viral 



+ 

+ 

* 

+ 

+ 


Electron microscopy in certain diseases 
IF: immunofluorescence 
EIA: enzyme immunoassay 
ELISA: enzyme-linked immunosorbent assay 

Source: Reprinted with permission from Bres P. Public Health Action in Emergencies Caused by Epidemics. Geneva: World Health 
Organization; 1986: 101. 


detection methods include immunofluorescence, 
latex agglutination, enzyme-linked immunosorbent 
assay (ELISA), and radioimmunoassay. 

Detection of Microbial Genes 

An alternative approach to using antibodies to 
detect microbial antigens is to use specific nucleic 
acid probes to detect microbial gene sequences. 
Nucleic acid-based detection methods were first 
described in the mid 1970s, but they have only re¬ 
cently been accepted in the clinical laboratory. The 
early procedures were not widely adopted in clinical 
laboratories because they were more expensive, more 
labor-intensive, more time-consuming, less sensi¬ 
tive, and potentially more hazardous than prevail¬ 
ing antibody-based methods. Recent improvements 
in nucleic acid amplification and nonradioactive 
detection systems, however, have greatly improved 
the sensitivity and specificity of nucleic acid-based 
detection systems and have made these methods 
more acceptable for the clinical laboratory. In addi¬ 
tion, these methods are useful in detecting nonvi- 
able microorganisms or those that are difficult or 
dangerous to cultivate. 

The key to nucleic acid-based methods is the 
gene probe, a nucleic acid molecule (usually DNA) 
with a sequence complementary to the gene to be 


detected. Polynucleotide probes can be synthesized 
from scratch if the genomic sequence of the micro¬ 
organism is known or can be obtained from natu¬ 
rally occurring DNA by cloning DNA fragments 
into appropriate vectors and isolating the cloned 
DNA. Nucleic acid probes can be labeled with a 
radioisotope (usually phosphorus-32P [ 32 P]) with 
biotin, a specific enzyme or a fluorescent marker, 
or with digoxigenin, a chemiluminescent marker. 
Biotinylated probes using streptavidin detection 
systems have been used in some laboratories, but 
these methods are not as sensitive as radioactive 
methods. A commonly used label today is the 
chemiluminescent marker because of the long shelf- 
life of the assay components, the marker's sensitiv¬ 
ity, which approaches that of radioactivity, and the 
elimination of hazards associated with the use of 
radioactivity. Increasingly, nucleic acid probes for 
a wide variety of microorganisms are becoming 
commercially available. 

Gene detection methods rely on the ability of one 
or more nucleic acid probes to hybridize with the 
genome of the microorganism. In some methods, 
the nucleic acid of a tissue or of a culture of a patient 
specimen is first extracted and then hybridized with 
one or more microbe-specific probes. Alternatively, 
hybridization can occur in situ in patient tissues or 
laboratory cultures. Specific infected cells contain- 
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ing intracellular parasites (eg, viruses, rickettsia, 
chlamydia) may be identified by the in situ tech¬ 
nique. Nucleic acid-based detection methods in¬ 
clude blot assay, in situ hybridization, and poly¬ 
merase chain reaction. Descriptions of these meth¬ 
ods can be found elsewhere. 7-10 

Detection of Antibodies to Microorganisms 

During the early stages of an infection, the immune 
system is exposed to a rise in the amount of microbial 
antigen as the infecting microorganism replicates. The 
initial host response is nonspecific, directed at infec¬ 
tious processes in general, until the host can generate 
a more efficient, specific immune response. For assay 
purposes, the specific immune response is divided 
into cellular and humoral response mechanisms. 
These two response mechanisms are closely related 
and interdependent. The cellular mechanism is more 
difficult to measure and is not used as the basis of 
any routinely performed assays. 

Early in infection, there is a surge in available 
antigen (the microorganism itself or one of its prod¬ 
ucts) in patient serum. Culture, antigen detection, 
and genomic detection techniques are most likely 
to be useful during this period. A transient rise in 
specific IgM antibodies and a subsequent, more 
persistent rise in specific IgG antibodies follow the 
surge in antigen. For microorganisms that invade 
mucosal surfaces, there will also be an accompany¬ 
ing rise in specific IgA antibodies at the mucosal 
surface. The rise in IgA antibodies may not be de¬ 
tectable in serum or plasma. 

Detection of antibodies specific for the infecting 
microorganism will be most successful following 
the rise in IgM antibodies. Evidence for infection 
by a given microorganism may be provided by de¬ 
tection of high levels of specific IgM antibodies or 


by detection of a 4-fold or greater rise in specific 
antibodies in paired serum or plasma samples 
(Table 34-3). The finding of a high titer of agent- 
specific IgG in a single specimen is not considered 
indicative of recent infection, but a rise in agent- 
specific IgG as detected in paired specimens sug¬ 
gests recent infection. In addition, a serum with 
high levels of agent-specific IgM strongly suggests 
recent infection. Ideally, the paired samples should 
consist of one sample collected at the onset of in¬ 
fection (when antibody production is minimal) and 
a second sample collected at least 7 to 14 days later, 
when antibody is maximal (or longer for some rick¬ 
ettsial infections). This provides strong evidence of 
recent infection with the given microorganism. 
Unfortunately, the initial acute sample is not always 
collected. For US military personnel, a predeployment 
sample from the Department of Defense Serum Re¬ 
pository in Rockville, Md, may sometimes be sub¬ 
stituted for the initial acute specimen. 

In parallel to the rapid developments in nucleic 
acid techniques, advances have been made in the 
detection of antibodies specific for microorganisms. 
Two of these techniques, ELISA and agglutination, 
have been widely adapted for use in assays in both 
clinical and research settings and serve as the basis 
of most commercially available antibody assays. 
Three other techniques—complement fixation, he¬ 
magglutination, and precipitation—although im¬ 
portant in the past are used less frequently today. 

Diagnostic and Reporting Issues 

Understanding the various diagnostic assays 
described above is not enough. There are other issues 
that must be understood to interpret test results 
properly. The sensitivity and specificity of the diag¬ 
nostic test must be known to determine the reliabil- 


TABLE 34-3 

SEROLOGICAL EVIDENCE OF RECENT INFECTION 


Specimen Result 


Single Serum Presence of IgM specific for the suspected agent (non-specific reactions must be eliminated) 
High titer of specific undifferentiated (IgM + IgG) antibody, if higher than the long-lasting 
immunity level for the disease concerned 

Paired Sera 4-fold increase in titer (IgM + IgG) with specific antigen 


The first sample should be collected soon after disease onset, the second ideally 10 to 14 days later for most diseases. 

Adapted with permission from Bres P. Public Health Action in Emergencies Caused by Epidemics. Geneva: World Health Organiza¬ 
tion; 1986: 103. 
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ity of test results. An understanding of the incidence 
of the specific disease among the population exam¬ 
ined is also required to determine the predictive 
value of the test. 

Sensitivity and Specificity 

Sensitivity and specificity are terms used to de¬ 
scribe the performance of a given test or assay com¬ 
pared with one or more widely accepted standards. 
A widely accepted standard is often referred to as 
the gold standard. Sensitivity is a measure of the 
capability of the test or assay to detect all true posi¬ 
tive cases in a given population. It is usually ex¬ 
pressed as a percent and given by this formula: 

Sensitivity (%) = 100 (Assay True Positives)/[(Assay 
True Positives) + (Assay False 
Negatives)] 

= 100 (Assay True Positives)/(True Positives) 

For example, a test with a stated sensitivity of 99% is 
expected to detect 99 of 100 positive cases when cor¬ 
rectly performed (and interpreted) on properly col¬ 
lected specimens from a population similar to that 
used originally to determine the sensitivity. 

Specificity is a measure of the capability of the 
test or assay to detect all true negative cases. It is 
also usually expressed as a percent and given by 
the formula: 

Specificity (%) = 100 (Assay True Negatives) / [(Assay 
True Negatives)+(Assay False 
Positives)] 

= 100 (Assay True Positives) / (True Positives) 

For example, a test with a stated specificity of 99% is 
expected to detect 99 of 100 negative cases when cor¬ 
rectly performed (and interpreted) on properly col¬ 
lected specimens from a population similar to that 
originally used to determine the sensitivity. 

Positive Predictive Value 

The positive predictive value is a measure of the 
meaning of a positive test or assay result. It depends 
on the prevalence of the disease or condition in the 
population from which the specimens being tested 
were collected. The positive predictive value is usu¬ 
ally expressed as a percent and given by the formula: 

Positive , _ , r 

Predictive = 100 ^ Assa - V True Positives)/[Assay 
Value (%) Positives (True + False)] 


For example, given a population with a prevalence 
of disease markers of 20% and an assay with a stated 
sensitivity and specificity of 99%, the positive pre¬ 
dictive value of the assay will be 96%. This implies 
that a positive result on this assay in this popula¬ 
tion will predict the presence of disease markers 
96% of the time. Given a different population with 
a prevalence of disease markers of 1% and the same 
assay with a stated sensitivity and specificity of 
99%, the positive predictive value of the assay will 
be 50%, which implies that a positive result in this 
population will correctly predict the presence of 
disease markers only 50% of the time. Therefore, 
the use of tests (even highly sensitive and specific 
tests) to screen for diseases of low prevalence is 
problematic. 

The positive predictive value can be improved 
by combining two or more tests in series. For ex¬ 
ample, a positive test result on an ELISA test for 
human immunodeficiency virus-1 (HIV-1) is usu¬ 
ally followed by a Western blot assay for HIV-1; this 
improves the positive predictive value of the screen¬ 
ing program in the United States, where the preva¬ 
lence of antibodies to HIV-1 is extremely low. 

Interpretation 

Laboratory results should always be interpreted 
in combination with epidemiologic data, historical 
information, and other clinical and laboratory find¬ 
ings. Several reasons for test error are included in 
Table 34-4. Inappropriate sample collection, sample 
storage, and sample shipping are major sources of 
laboratory error. Steps to minimize these problems 
are covered elsewhere in this chapter. 

The selection of appropriate laboratory tests and 
assays must be a coordinated effort with the labora¬ 
tory to ensure that the results obtained are meaning¬ 
ful and useful. Many of the assays that are approved 
by the Food and Drug Administration (FDA) and 
are commercially available have been standardized 
on Western European or North American popula¬ 
tions. They can thus be expected to perform as 
stated when applied to specimens collected from 
US military personnel or civilians in the United 
States. But FDA-approved tests and well-character¬ 
ized assays are not available for many of the agents 
from areas of the world that are of potential inter¬ 
est and importance to deploying US forces. 

Within the United States, unapproved medical 
devices (including diagnostic assays) may not be 
used in clinical care settings without an FDA In¬ 
vestigational Device Exemption (IDE). By custom, 
the US Department of Defense attempts to comply 
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TABLE 34-4 

CAUSES OF ERROR IN THE INTERPRETATION OF LABORATORY TESTS 


False Positive Results 

False Negative Results 

Microscopic Methods 

Saprophyte present 

Nonspecific staining 

Inappropriate sampling 

Inappropriate dye 

Need for electron microscopy 

Inappropriate specimen 

Inexperience of microscopist 

Isolation Methods 

Concurrent agent in specimen is easier to detect 
than causative agent or withstands storage 
conditions better 

Concurrent chronic infections (eg, malaria, schisto¬ 
somiasis) 

Concurrent pathogen in an outbreak primarily 
caused by a toxic agent 

Contamination of specimens or reagents 

Inappropriate sampling: specimen inadequate or taken 
at wrong time 

Damage to agent by shipping or storage conditions 
Inappropriate laboratory techniques 
"New" agent requiring unusual conditions for isolation 
Presence of immune complexes 

Bacterial or contaminant overgrowth 

Antibody Detection Methods 

Presence of antibodies (IgG) to endemic disease 

Cross reaction of antibodies among antigenically- 
related agents 

Nonspecific reactions 

Previous immunization or skin test 

Presence of excess IgG or rheumatoid factors when 
detecting IgM 

Sample taken at wrong time 

Damage to specimen during shipping and storage 
Inappropriate laboratory techniques 

Inappropriate antigen battery 

Presence of immune complexes 
Immunosuppression 


Adapted with permission from Bres P. Public Health Action in Emergencies Caused by Epidemics. Geneva: World Health Organization. 
1986: 104. 


with FDA requirements in the diagnosis and treat¬ 
ment of US military personnel and dependents 
overseas, but procedures exist for emergency use 
of an unapproved medical device for medical care. 
These procedures require the user to notify the In¬ 
stitutional Review Board within 5 days of use of 
the device or assay and to submit an application 

SPECIMEN COLLECTION, 

All too often, the importance of collecting the 
proper specimens and transporting them to the 
laboratory is neglected or not emphasized. Perhaps 
the most common reason for failure to establish a 
diagnosis (or suggesting a wrong one) is the collec¬ 
tion of an inappropriate specimen. To obtain a test 


for an IDE if future use is likely. If clinical use of an 
unapproved diagnostic assay is being considered, 
every effort should be made to seek guidance. For 
the US Army, guidance may be obtained from the 
Human Subjects Protection Division at the US Army 
Medical Research and Materiel Command, Fort 
Detrick, Md. 

HANDLING, AND STORAGE 

result that correctly identifies the etiology of the in¬ 
fection, it is important to collect an appropriate 
specimen, use appropriate transport, and deliver 
specimens to the laboratory rapidly. No matter how 
sophisticated the laboratory or how expert its per¬ 
sonnel, if the specimen is inappropriately chosen. 
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TABLE 34-5 

METHODS TO BE EMPLOYED IN COLLECTING RESPIRATORY TRACT SPECIMENS 


Purpose 


Procedure 


Bacteriology, mycology or parasitology Direct examination of sputum: thin smear on a slide for Gram staining 

Cultivation: make a cough swab. Fragile bacteria require special media 
and particular precautions (ask laboratory for guidance) 

Virology Direct examination by immunofluorescence: cough swab transported in 

Hanks' medium at 4°C, or preferably nasopharyngeal aspirate obtained 
with a suction apparatus 

Cultivation: same specimens. Fragile viruses require special media and 
particular precautions (ask laboratory for guidance) 


Source: Reprinted with permission from Bres P. Public Health Action in Emergencies Caused by Epidemics. Geneva: World Health 
Organization; 1986: 241. 


collected, or transported, results will be less than 
optimal and will often be misleading. Early commu¬ 
nication between the investigator and the labora¬ 
tory is extremely important. Laboratory personnel 
can advise the investigator on the collection of op¬ 
timum specimens and will be better able to guide 
the processing of these specimens if potential prob¬ 
lems have been discussed. Some specific methods 
are listed in Table 34-5, Table 34-6, Table 34-7, and 
Table 34-8. This section discusses some general is¬ 
sues regarding specimen collection in the field and 
provides specific guidance in the collection of speci¬ 
mens for microscopic examination, isolation and 
culture, detection of microbial components or prod¬ 
ucts, and detection of antibodies to infectious 
agents. 


Practical Issues 

All clinical specimens (including serum samples 
for antibody detection) should be handled as if they 
are infectious. Universal precautions as outlined by 
the Occupational Safety and Health Act should be 
followed during collection and transport to the 
laboratory. 11 In particular, appropriate barriers 
should be used during specimen collection to pre¬ 
vent exposure of skin and mucous membranes to 
specimens. Gloves must be worn at all times, and 
masks, goggles, and gowns or aprons must be worn 
in situations in which there is a risk of splashes or 
droplet formation. After specimen containers are 
sealed, they should not be opened until they reach 
the laboratory, where they can be opened safely in 


TABLE 34-6 

METHODS TO BE EMPLOYED IN COLLECTING SPECIMENS OF FECES 

Purpose Procedure 

All examinations 3 mL (or equivalent in solid) in screw-cap "bijou" bottle (capacity 7 mL). Store at 4°C or 
normal refrigerator temperature 

Parasitology 3 parts of 10% formaldehyde solution are added to 1 part of stool 

Bacteriology Use special transport medium for cholera, other vibrios. Salmonella, Shigella, etc; store at room 

temperature in shade, not in refrigerator. If medium not available, consult laboratory 

Virology A suitable virus transport medium may be provided by the laboratory 

Source: Reprinted with permission from Bres P. Public Health Action in Emergencies Caused by Epidemics. Geneva: World Health 
Organization; 1986: 241. 
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TABLE 34-7 

METHODS OF COLLECTING SPECIMENS OF FOOD AND OTHER MATERIALS 


Type of Specimen Method 


Liquid food 
Solid or mixed food 

Meat and poultry 

Water 


Shake, pour 200 mL into sterile container, refrigerate but do not freeze 

Separate portions with sterile knife, transfer to a sterile glass jar (eg, jam jar); take samples 
from periphery to central laboratory; refrigerate 

Cut portion of meat or skin aseptically from different parts of carcass; alternatively, wipe 
large portions of carcass with sterile gauze squares or swabs; place in transport medium 

See Table 34-8 


Other 


Collect any fabric (eg, sheets or towels) known or suspected to contain poison, vomit, 
urine, or feces 


Source: Reprinted with permission from Bres P. Public Health Action in Emergencies Caused by Epidemics. Geneva: World Health 
Organization; 1986: 245. 


a biological safety cabinet. 12 

Whenever possible, specimens should be collected 
before antimicrobial agents have been given. Collec¬ 
tion of specimens after initiation of antimicrobial 
therapy may drastically affect recovery of bacteria and 
parasites and lead to misdiagnosis. Likewise, fecal 
specimens to be examined for parasites should be col¬ 
lected before barium is used for radiological exami¬ 
nation. 13 Specimens should be obtained from the site 
of infection with minimal contamination from adja¬ 
cent tissues and organ secretions. Knowledge of the 
stage of the infection (eg, acute vs. chronic, time of 
onset) is helpful in the selection of appropriate speci¬ 
mens. The type of specimen and stage of infection 
when a culture is taken may determine whether or 


not the etiological agent will be isolated. Specimens 
should be large enough to allow thorough examina¬ 
tion. Many microbiological techniques are relatively 
insensitive, so it is important to collect large enough 
samples and to maintain viable organisms in the 
samples while they are in transit to the laboratory. 
However, due to regulations regarding the shipment 
of clinical specimens, 50 mL per specimen should be 
considered the upper limit. 14 Specimens should be col¬ 
lected in appropriate, safe, and sterile containers with 
tight-fitting lids. In general, the quicker the specimen 
is delivered to the laboratory, the better the labora¬ 
tory results will be. Quick delivery, though, is not usu¬ 
ally possible in a field setting. 

Each specimen should be labeled with the name or 


TABLE 34-8 

COLLECTION OF WATER SAMPLES* 


Type of Water Method of Collection 

Tap water 1. Disinfect the mouth of the tap with a burning cotton wool swab soaked in alcohol 

2. Let the water flow for 2 m 

3. Fill the bottle 

Well-water Weight a bottle with a sterile stone attached with sterile string and dip into well 

Open water' Plunge the bottle neck down into the water and then turn it upwards with the mouth facing the 

current 


Water should be collected in sterile bottles (1-5 L) 

^Water from springs, streams, rivers, and lakes 

Source: Reprinted with permission from Bres R Public Health Action in Emergencies Caused by Epidemics. Geneva: World Health 
Organization; 1986: 249. 
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identification number of the person from whom the 
specimen was collected, the source or type of speci¬ 
men, and the date and time of collection. Labeling of 
specimens is especially important in surveillance and 
outbreak investigations. These investigations often 
generate hundreds or thousands of specimens that can 
easily be misidentified if improperly labeled. Unfor¬ 
tunately, errors in specimen labeling are too common 
and often lead to faulty results. Maintaining correct 
specimen identification during the specimen's pas¬ 
sage through the laboratory is critical. 

Sufficient clinical information should be pro¬ 
vided to guide the microbiologist in proper, opti¬ 
mal processing of the specimen. A list of the tests 
desired by the investigator is helpful. Age and sex 
of the patient are important with respect to some 
infections, and the patient's clinical features must 
be included. Relevant geographic and travel details 
are also important to indicate possible exposure to 
pathogens in endemic areas. Finally, the date and 
time of specimen collection and of arrival in the 
laboratory indicate how much time has elapsed 
since the specimen was collected. 

Specimens for Microscopic Examination 

Microscopy plays a fundamental role in micro¬ 
biology and is an important first step in the exami¬ 
nation of all diagnostic specimens, especially when 
a parasite is suspected as the etiological agent. Pref¬ 
erably, slides for microscopy are prepared with fresh 
specimens, but in a field setting this is not always 
possible. If blood is to be examined for parasites, 
then it should be collected using an anticoagulant 
([EDTA] is preferred). 13 Thick or thin films for para¬ 
site identification may be prepared on slides in the 
field and sent to the laboratory; alternately, tubes 


of blood containing an anticoagulant may be sent to 
the laboratory and slides prepared there. If examina¬ 
tion of a sputum specimen is to be delayed for any 
reason, then a portion of the sputum should be fixed 
in 5% or 10% formalin so that helminth eggs or lar¬ 
vae may be preserved. The remainder of the speci¬ 
men should be saved for bacterial and viral culti¬ 
vation. Wet mount slides may be prepared in the 
field (preferably) or in the laboratory. If examina¬ 
tion of a fecal specimen is to be delayed (more than 
30 minutes for liquid specimens, 1 hour for soft 
specimens, and 1 day for formed specimens), then 
the specimen should be fixed in one of several avail¬ 
able fixatives. A series of at least three specimens 
collected 48 hours apart is preferred for the diag¬ 
nosis of intestinal parasites. Slides of fecal material 
should be prepared in the laboratory. 13 Other aspects 
of collecting fecal samples are listed in Table 34-6. 

Slides and specimens prepared for microscopic 
examination can be stored at room temperature or 
in a refrigerator (4°C). Care should be taken to pre¬ 
vent overheating specimens intended for micro¬ 
scopic examination (Table 34-9). 

Specimens for Culture 

A fluid specimen (including exudate and excreta) 
collected early in the acute phase of illness is the 
most desirable specimen for isolation and culture. 
In a typical clinical setting, a sterile swab is com¬ 
monly used to collect fluid specimens. 2 In a field 
environment, however, swab collection usually fails 
to provide suitable specimens for analysis. Swabs 
absorb only a small quantity of sample and provide 
an arid, unfriendly environment for transport to the 
laboratory. Therefore actual fluid should be col¬ 
lected whenever possible to ensure that a large 


TABLE 34-9 

GENERAL GUIDELINES FOR STORAGE AND SHIPPING TEMPERATURES 
OF BIOLOGICAL SPECIMENS 


Type of Specimen 

Storage Conditions 

Shipping Conditions 

Specimens for microscopic examination 

Room temperature or refrigerator 
temperature (4°C) 

Ambient temperature or wet ice 

Specimens for culture and isolation 

Refrigerator temperature (4°C) if for 
less than 24 h; < -70°C otherwise 

Dry ice or liquid nitrogen 

Specimens for detection of microbial 
components or products 

Refrigerator temperature (4°C) if for 
less than 24 h; < -70°C otherwise 

Dry ice or liquid nitrogen 

Specimens for detection of antibodies 

Freezer temperature (-20°C) 

Wet ice 
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enough volume of sample is collected. 

Maintaining viable organisms in the sample un¬ 
til the specimen reaches the laboratory is critical. 
Specimens for culture should be collected in sterile 
containers and should not be put into fixatives or 
preservatives, which are lethal to microorganisms. 
In cases when a virus is suspected as the etiological 
agent, placing the specimen in a viral transport me¬ 
dium is preferred. A virus transport medium should 
preserve the virus in the specimen, prevent loss of the 
specimen due to bacterial or fungal contamination, 
be nontoxic to cell cultures, and not interfere with di¬ 
rect tests to detect and identify virus antigens (eg, im¬ 
munofluorescence, enzyme immunoassays). Several 
transport media are commercially available. Anti¬ 
biotics can be added to specimens for the isolation 
of viruses, fungi, and algae to reduce bacterial con¬ 
tamination, but specimens containing antibiotics 
cannot be used for the isolation of bacteria. 

Specimens for culture may be stored in a refrig¬ 
erator or on ice (0°C-4°C) if less than a 5-day delay 
is expected. Specimens expected to be stored or in 
transit longer than 5 days should be frozen at or 
below -70°C initially and shipped on dry ice or liq¬ 
uid nitrogen. Specimens for culture should not be 
stored or transported at room temperature, in nor¬ 
mal kitchen freezers (-20°C), or in incubators (30°C- 
38°C) because many microorganisms degrade 
quickly at these temperatures. Care should be taken 
to prevent thawing of specimens, as multiple freez¬ 
ing and thawing of specimens is known to reduce 
recovery of microorganisms. 

SPECIMEN 

The job of the field investigator is not over when 
the specimens have been collected. The specimens 
must be sent to the laboratory for examination. Care 
should be taken to get the specimens to the labora¬ 
tory as soon as possible and in a condition useful 
for examination. In addition, certain regulatory 
guidelines must be followed so that persons handling 
potentially infectious material are not exposed to it. 

Timely Delivery 

Specimens should be transported to the labora¬ 
tory as quickly as possible. By their very nature, 
many clinical specimens provide a good medium 
for the growth of bacteria and fungi. Microorgan¬ 
isms may multiply during the time between collec¬ 
tion and cultivation in the laboratory. With time, 
the hardy species may overgrow the fastidious, giv¬ 
ing a false impression of the balance between spe¬ 
cies; in some cases, this will make it impossible to 


Specimens for Detection of Microbial Compo¬ 
nents or Products 

Specimens suitable for culture are also suitable 
for the detection of microbial components or prod¬ 
ucts, but the detection of microbial components or 
products does not depend on the presence of living 
organisms. Therefore, samples containing fixatives, 
preservatives, or sometimes antibiotics are accept¬ 
able. However, minimizing contamination by extra¬ 
neous organisms is very important, so sterile con¬ 
tainers should be used. Specimens should be stored 
and shipped at the coldest temperature achievable 
under field conditions or at temperatures equal to 
or lower than -70°C in the laboratory. 

Specimens for Detection of Antibodies 

Samples of sera and sometimes cerebrospinal 
fluid are used to detect antibody responses. Speci¬ 
mens should be collected in a sterile manner. Paired 
sera, collected in the acute and convalescent phases 
of the disease (ideally 10 to 14 days or more apart), 
should be tested at the same time. Whenever pos¬ 
sible, whole blood should not be sent to the labora¬ 
tory. Serum should be separated from the cells in 
the blood and the serum sent to the laboratory. Se¬ 
rum samples can be stored at normal scientific 
freezer temperatures (-20°C to -25°C) for months or 
years without loss of antibody titer. The thermal 
cycling associated with residential-type frost-free 
freezers can, however, reduce antibody levels. 

SHIPPING 

isolate and identify the less-hardy species. Bacteria 
or fungi may render specimens for the detection of 
viruses useless if allowed to grow unchecked. The 
addition of antibiotics in viral transport media may 
be necessary to preserve these specimens. Some 
specimens are naturally prone to drying (eg, speci¬ 
mens collected with swabs), which will complicate 
or make impossible the isolation and cultivation of 
microorganisms. Rapid transport to the laboratory 
will help prevent many of these problems. 

Regulatory Issues 

Packages of clinical or laboratory specimens pre¬ 
pared for mailing or shipping must conform to US 
postal regulations and those of the US Department 
of Transportation and the US Public Health Ser¬ 
vice. 14-17 Packages shipped between overseas loca¬ 
tions must conform to these regulations as well as 
the Dangerous Goods Regulations of the Interna- 
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tional Air Transport Association (Figure 34-1). The 
regulations, which govern package containers, vol¬ 
ume limitations, and labeling requirements, were 
designed to protect all who may come in contact 
with the package. Compliance with these regula¬ 
tions is the responsibility of the sender, and large 
financial penalties may be levied on senders of im¬ 
properly packaged and labeled shipments. 

Containers 

In general, diagnostic specimens or infectious 
substances must be mailed in double containers. 
Each specimen is contained in a primary container 
(eg, tube, vial). The cap of the primary container 
should be sealed with waterproof tape. One or more 
primary containers may be packed together in a 
secondary container filled with cotton or other ab¬ 
sorbent material that is capable of absorbing the 
entire contents of all the primary containers. The 
secondary container must be sealable and break- 
resistant, and its lid should be taped to prevent loss 
of contents during shipment. The secondary con¬ 
tainer should be placed in a shipping container. Wet 
or dry ice to be included with the shipment, if any, 
should be placed between the secondary container 
and the shipping container. 

Microscope slides containing specimens do not 
require double containers for shipment. They may 
be packed in boxes, cardboard slide holders, or any 
other suitable container that will prevent damage 
or breakage. Slides should be completely dry be¬ 
fore packing and should be individually wrapped 
in soft tissue. If more than one slide is to be shipped 
or mailed, the slides can be wrapped together in 
tissue as follows: a slide is placed on the tissue and 
wrapped several times, and then the next slide is 
placed on top of the first and both are wrapped sev¬ 
eral times. The series of slides wrapped this way 
will be padded and can be easily unwrapped on 
arrival. Slides packed in flat cardboard containers 
need additional protection. Plastic slide containers 
with snap tops work well for shipping slides. 13 

Volume Limitations 

Various regulations limit the amount or volume 
of specimen that may be shipped in any one pack¬ 
age. 14-16 The limit depends on whether the specimen 
is categorized as a diagnostic specimen or an infec¬ 
tious substance. In general, a diagnostic specimen 
is defined as any human or animal material, includ¬ 
ing but not limited to excreta, secreta, blood and its 
components, tissue, and tissue fluids, being shipped 
for purposes of diagnosis. It is not known at the 


time of shipment whether a diagnostic specimen 
contains microorganisms or toxins that may cause 
human disease. For diagnostic specimens, primary 
containers must not exceed 1L. The maximum vol¬ 
ume that may be shipped in a secondary container 
is 4 L. Likewise, the maximum volume that may be 
shipped in a shipping container is 4 L. An infec¬ 
tious substance is defined as any substance that is 
known to contain a viable microorganism or its 
toxin that is known or suspected to cause disease 
in animals or humans. The etiological agent is 
known at the time of shipment. The maximum vol¬ 
ume of infectious substance that may be shipped in 
a shipping container is 50 mL. 

Temperature 

Specimens should be shipped at the same or simi¬ 
lar temperatures as that recommended for storage. 
In general, specimens prepared for microscopic ex¬ 
amination or for detection of antibodies should be 
shipped on wet ice but not be frozen; they may be 
shipped at ambient temperature (< 24°C) if necessary. 
Prepared slides may also be shipped at ambient 
temperature. Specimens for culture or for detection 
of microbial components should be shipped on dry 
ice or liquid nitrogen (see Table 34-9). Properly col¬ 
lected sera for antibody testing can usually be trans¬ 
ported, if necessary, at ambient temperature for a 
day or so without substantial loss of antibody. 

Finding dry ice or liquid nitrogen in developing 
countries can be challenging. In some developing 
countries, ice cream makers and distributors pro¬ 
duce dry ice and may be willing to sell sufficient 
quantities to support the temporary storage and 
shipment of clinical specimens. In some countries 
where cattle breeding is conducted, local veterinary 
centers often produce liquid nitrogen for the stor¬ 
age of bull sperm. These centers may be willing to 
sell excess liquid nitrogen for the right price. In 
large urban areas in developing countries, larger 
medical centers may have access to either dry ice 
or liquid nitrogen. However, many developing 
countries do not have the capability to produce ei¬ 
ther dry ice or liquid nitrogen locally, so dry ice or 
liquid nitrogen must be imported. Arrangements 
can be made with a supporting laboratory to ship 
sufficient quantities of dry ice or liquid nitrogen to 
support specimen storage and return shipment. 

Labeling 

All packages prepared for shipping should contain 
complete information sheets about the specimens. The 
information sheets should be placed between the sec- 
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3 J 

k SHIPPER'S DECLARATION FOR DANGEROUS GOODS 


(Provide at least two copies to the airline) 


1 


Shipper 


Air Waybill No. 


Page of Pages 

Shipper's Reference Number 
(optional) 


Consignes 


Two completed and signed copies of this Declaration must 
be handed to the operator 


WARNING 


TRANSPORT DETAILS 


This shipment is within the 


Airport of Departure 


limitations prescribed for: 
(delete non-applicable) 


PASSENGER 

CARGO 

AND CARGO 

AIRCRAFT 

AIRCRAFT 

ONLY 


Airport of Destination: 


Failure to comply in all respects with the applicable 
Dangerous Goods Regulations may be in breach of 
the applicable law, subject to legal penalties. This 
Declaration must not, in any circumstances, be 
completed and/or signed by a consolidator, a 
forwarder of an IATA cargo agent. 

Shipment type: (delete non-applicable) 

| NON-RADIOACTIVE| RADIOACTIVE~| 


NATURE AND QUANTITY OF DANGEROUS GOODS 


Dangerous Goods identification 
-t -im¬ 


proper Shipping Name 


Class or 
Division 


UN or 
ID No. 


Packing 

Group 


Subsi¬ 

diary 

Risk 


Quantity and Type of packing 


Packing 

inst. 


Authorization 


Additional Handling Information 


24 hr. Emergency Contact Tel. No. 


I hereby declare that the contents of this consignment are fully and 
accurately described above by the proper shipping name and are 
classified, packaged, marked and labelled/placarded, and are in all 
respects in proper condition for transport according to applicable 
international and national governmental regulations. 


Name/Title of Signatory 
Place and Dete 

Signature 

(see warning above) 


(Fig 34-1 continues) 
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Laboratory Support for Infectious Disease Investigations in the Field 



Fig. 34-1. The form (a) and label (b) that must be fixed to 
packages containing infectious substances before they are 
mailed. These are required by US and international 
postal regulations. 


ondary and shipping containers. Labels should have 
names, addresses, and telephone numbers of both the 
sender and the recipient and should be inside the 
package on the secondary container, as well as on the 
outside of the shipping container. If the package con¬ 
tains known infectious substances (not likely in the 
context of this chapter), then an "Etiological Agents" 
label must be displayed on the outside of the ship¬ 
ping container. 14-17 Likewise, if the shipment contains 
dry ice (officially declared a hazardous material), then 
the shipping container must be marked "Dry Ice, Fro¬ 
zen Medical Specimens." 17 

Inventory and Clinical Information 

If more than one specimen is contained in a ship¬ 
ment, then a complete inventory should accompany 
the shipment. Sufficient clinical information should 
also be provided to the laboratory to guide the mi¬ 
crobiologist in the selection of suitable diagnostic 
assays. The inventory and clinical information 
should be placed between the secondary and ship¬ 
ping containers. When the package is opened, the 
recipient should reconcile the specimens with the 
inventory list. A notice should be sent back to the 
sender that the shipment was received, along with 
a report of any discrepancies between the inven¬ 
tory list and the specimens received. 


SUMMARY 


Surveillance and outbreak investigations in a field 
environment require additional planning and co¬ 
ordination beyond that required for similar investi¬ 
gations in a hospital or clinical setting. In particular, 
laboratory support must be coordinated before the in¬ 
vestigation begins. Plans for specimen collection, han¬ 
dling, storage, and shipment must be made early and 
potential problems addressed. Successful laboratory 
results depend on the selection of a proper specimen 
that will survive storage and transport. A general 
knowledge of the types of diagnostic assays available 


for infectious diseases will aid the investigator in the 
proper selection of patient specimens. For purposes 
of specimen storage and transport, specimens may be 
divided into four categories, and storage and trans¬ 
port conditions vary between these specimen catego¬ 
ries. In addition, federal regulations must be observed 
when shipping biological specimens, even between 
two locations outside the United States. When done 
with the proper coordination, field medical investi¬ 
gations can be an important tool for the commander 
to identify medical threats facing US forces. 
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Franklin Boggs 


Pill Call 


Soldiers in the South Pacific theater during World War II get their daily dose of atabrine, described by the artist as "the 
famous new malaria medicine." Atabrine was used by the allies because Japan controlled the sources of quinine, the 
main malaria treatment of the pre-atabrine era. The artist also mentioned that "these pills turn you about the color of 
a lemon." It was the control of malaria that gave General MacArthur of the US Army and General Slim of the British 
Army an edge in their battles with the Japanese. 


Art: Courtesy of US Center of Military History, Washington, DC. 


801 





Chapter 35 


DISEASES TRANSMITTED PRIMARILY 
BY ARTHROPOD VECTORS 


G. Dennis Shanks, MD, MPH-TM 

Jerome J. Karwacki, MD, MPH 

Niranjan Kanesa-thasan, MD, MTM&H 

Wellington Sun, MD 

Bruce L. Innis, MD 

Timothy P. Endy, MD, MPH 

Charles F. Longer, MD 

David W. Vaughn, MD, MPH 

George V. Ludwig, PhD 

David J. McClain, MD 

Kevin Michaels, MD, MPH 


Hee-Choon S. Lee, MD, MPH 

Victoria B. Solberg, MS 

Kathryn L. Clark, MD, MPH 

Arthur E. Brown, MD, MPH 

Daniel A. Strickman, PhD 

Daryl J. Kelly, PhD 

Mark G. Kortepeter, MD, MPH 

William P. Corr, MD, MPH 

Alan J. Magill, MD 

William C. Hewitson, MD, MPH 
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DENGUE VIRUS INFECTIONS 

DENGUE-LIKE SYNDROMES 

YELLOW FEVER 

JAPANESE ENCEPHALITIS 
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TICKBORNE ENCEPHALITIS 

SANDFLY FEVER 

LYME DISEASE 
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TYPHUS 
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MALARIA 


Introduction and Military Relevance 

Malaria is perhaps the most potentially devas¬ 
tating vector-borne disease for the military. This is 
because of its ability to appear in a military unit 
suddenly and cause near universal infection, its 
ability to incapacitate and kill nonimmune person¬ 
nel within a few days, and the practical difficulty 
of controlling infections in tropical garrison units. 
Service members with even mild cases of malaria 
often have poor stamina and fitness for any military 
duties. Malaria is especially a threat for operations 
in sub-Saharan Africa, the Amazon River basin. 
Central America, Hispaniola, and much of South¬ 
east Asia and Oceania. 

The role of the mosquito in malaria was unknown 
until 1897 when MAJ Ronald Ross of the Indian Army 
Medical Department discovered that mosquitoes 
transmit malaria. Despite this knowledge, person¬ 
nel deployed to the tropics continue to be plagued 
by malaria. 1 The age of chemotherapy, using at first 
the old specific febrifuge quinine and later synthetic 
antimalarials from the dye industry, offered great 
promise. Ever-present logistical and discipline 
problems, however, have been compounded by 
drug resistance such that the casualty-producing 
potential of malaria is little different today than it 
was more than a century ago (Figure 35-1). 



Fig. 35-1. This photograph shows a hospital ward in east¬ 
ern Thailand filled with Thai Marines, all with drug-re¬ 
sistant falciparum malaria. Multidrug resistant malaria 
can cause mass casualties in service members deployed 
in the tropics. 

Photograph: Courtesy of Colonel G. Dennis Shanks, 
Medical Corps, US Army. 


Burma Campaign, World War II 

General William Slim of the British Army had 
several problems with illness in his troops in 1943 
during the Burma Campaign. Nearly a thousand 
men became ill everyday, and the ratio of sick to 
combat wounded was 120 to 1, with malaria caus¬ 
ing 840 cases per 1,000 men per year. In General 
Slim's words, "A simple calculation showed me that 
in a matter of months at this rate my army would 
have melted away. Indeed, it was doing so under 
my eyes." 2p177 Several measures turned this unac¬ 
ceptable situation around, and not one of them was 
primarily medical. Malaria treatment units were 
moved up into the combat zone so failure to take 
prophylactic medication only earned a soldier a trip 
to a field treatment camp and a rapid return to his 
combat unit. Discipline in taking prophylactic 
atabrine medication was stepped up, and orders 
were issued to relieve any commander whose units 
did not achieve 95% drug positivity measured by 
unannounced urine testing. Again using General 
Slim's words: "I only had to sack three; by then the 
rest had got my meaning." 2pl80 Medical support was 
not enough to win against malaria; command em¬ 
phasis and discipline were key elements in the vic¬ 
tory in Burma (See chapter 2, The Historical Impact 
of Preventive Medicine in War). 

Vietnam War 

Malaria was a leading cause of illness in the Viet¬ 
nam War, with more than 40,000 cases in the US 
Army alone. 3 In spite of very sophisticated medical 
care, malaria killed on average one US service mem¬ 
ber during each month of the Vietnam War. 
Malaria's impact on combat effectiveness was mag¬ 
nified by two facts: (1) the concentration of cases in 
the frontline infantry operating in the jungle and 
(2) drug resistance leading to extended hospital 
stays. During 1965, entire battalions of the 1st Cav¬ 
alry (Airmobile) Division were pulled out of the la 
Drang Valley because of malaria casualties exceed¬ 
ing 1% per day. 

Somalia 

Operation Restore Hope in Somalia (1992-1993) 
resulted in the largest epidemic of malaria in US 
military forces since the Vietnam War. Mostly due 
to noncompliance with the malaria chemoprophy- 
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laxis regimens (either daily doxycycline or weekly 
mefloquine), 48 US soldiers and Marines became 
infected with malaria while in Somalia. 4 Following 
the redeployment of US Marines to southern Cali¬ 
fornia and the 10th Mountain Division to upstate 
New York, epidemics were noted in both areas con¬ 
sisting primarily of vivax malaria from liver-stage 
relapses. 5 The risk of vivax malaria was underesti¬ 
mated because of the expectation that Somalia's 
malaria risk would resemble that of other areas in 
sub-Saharan Africa. Somalis have Duffy blood 
group antigen, unlike most Bantu peoples of Africa, 
and are thus susceptible to vivax malaria. The post- 
Somalia epidemic of relapsing malaria demon¬ 
strated the great need for an easily administered 
postdeployment medication to eliminate liver-re¬ 
lapse forms of malaria. 6 Despite the importation of 
malaria into the United States, the risk of resultant 
locally transmitted cases is small. Malaria, however, 
remains a very current medical threat to US forces 
deployed to the tropics. 

Description of the Pathogen 

Malaria is caused by a genus of parasite known 
as Plasmodium, of which four species are known to 
commonly infect humans. P falciparum is the most 
important, in terms of the numbers of symptom¬ 
atic disease and deaths. Both P vivax and P ovale 




Fig. 35-2. The malaria life cycle. 

Art by Annabelle Wright, Walter Reed Army Institute of 
Research; research by Amelia Pousson. 


cause relapsing malaria through their ability to live 
in the liver in a quiescent form for long periods of 
time. Relapsing malaria rarely kills. P malariae (and 
P vivax less commonly) can cause very long-term 
bloodstream infections that can be inapparent and 
are a problem for blood banks because of the possi¬ 
bility of transfusion malaria. All four species are 
capable of causing human disease noted by fever, 
chills, headache, sweats, and malaise. The malaria 
parasite's three separate but interdependent cycles 
of development take place in the mosquito, the hu¬ 
man liver, and the human bloodstream (Figure 35- 
2). All three cycles are required for the parasite to 
grow and spread successfully. 

Mosquito Cycle 

The mosquito is not a passive means of transfer¬ 
ring infection; the infection must develop inside the 
mosquito under very precise conditions. Other con¬ 
ditions determine whether a female anopheline 
mosquito will actually survive long enough to pass 
malaria to another human. Malaria parasite devel¬ 
opment in the mosquito ceases entirely when mean 
temperatures remain lower than 18°C. Those limits 
determine the season, geography, and altitude that 
can support malaria transmission. Gametocytes 
taken from human blood by the mosquito undergo 
sexual reproduction and eventually become the in¬ 
fective form known as sporozoites in the insect's 
salivary glands. 

Liver Cycle 

Sporozoites, the first stage of the parasite, are 
injected into a human from the mosquito. The 
sporozoites are rapidly cleared from the blood¬ 
stream. Those sporozoites taken up by the reticu¬ 
loendothelial system are destroyed and do not 
result in further infection. Sporozoites that make it 
to a liver cell, however, invade and set up the exo- 
erythrocytic (or liver) cycle. Merozoites develop in 
the liver and are released into the bloodstream, ini¬ 
tiating the blood cycle. When blood parasites 
seeded from the liver reach sufficient density, 
symptoms of malaria are induced. The time from 
mosquito bite to symptoms, called the incubation 
period, is about 10 to 14 days. Some liver parasites 
(P vivax, P ovale) appear to stop their development 
early in the cycle and thus form a hypnozoite, which 
appears to serve as the source of malaria relapses 
months to years later without further infective mos¬ 
quito bites. 
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Blood Cycle 

The merozoites enter and infect red blood cells 
and develop into trophozoites (ring forms). These 
consume hemoglobin and reproduce in the human 
bloodstream. This cycle of infection is often rela¬ 
tively synchronous and results in regular phases of 
symptoms, such as chills, fever, and sweats. The 
diagnosis of malaria is made by microscopic exami¬ 
nation of stained blood smears and the detection of 
the blood forms of the parasite. The rupture of the 
infected erythrocyte releases factors that can induce 
symptoms of illness and new parasites (schizonts), 
which then infect new erythrocytes. Erythrocytes 
infected with later stages of the parasite (schizonts 
of P falciparum) can bind to the walls of small blood 
vessels in the brain, lung, and kidney and thus pro¬ 
duce lethal infections such as cerebral malaria. Some 
blood-stage parasites develop into the sexual forms 
of the parasite in the blood (gametocytes), which 
serve to reinfect a biting mosquito, thus complet¬ 
ing the cycle. 

Epidemiology 

Transmission 

Malaria transmission requires three things: an 
infected person with gametocytes in his or her 
bloodstream, an anopheline mosquito to support 
the development of the gametocytes taken in a hu¬ 
man blood meal into the infective form known as 
sporozoites, and a susceptible person who is bitten 
by a sporozoite-containing mosquito. Malaria trans¬ 
mission is actually a fragile chain that can be dis¬ 
rupted at several points. 7 In areas of the world with 
anopheline mosquitoes but without malaria-in¬ 
fected persons, there is no malaria transmission; 
however, the potential for transmission remains 
should malaria-infected persons enter the area. This 
situation currently exists in many parts of the con¬ 
tinental United States and in Australia north of 
about 19° South longitude. 

The mosquito itself is usually the weak link in 
the chain of transmission. Adequately controlling 
anopheline mosquitoes stops malaria transmission. 
This worked dramatically well during the malaria 
eradication campaign of the 1950s and 1960s in 
marginal areas of transmission using DDT (dichloro- 
diphenyl-trichloroethane) insecticide. Control of 
anopheline mosquitoes in the tropics is usually fea¬ 
sible only under special circumstances of limited 
geographic area and unlimited resources. Protec¬ 


tion of the uninfected person is the military's usual 
method of malaria control. This can take the form 
of personal protection from mosquito bites (eg, 
screens, bed nets, repellents) or prophylactic drugs, 
which suppress the development of malaria infec¬ 
tion and symptoms in the service member. Trans¬ 
mission potential in an area can vary widely over 
time depending on a variety of meterologic and 
sociologic factors. When efficient transmission oc¬ 
curs, however, infection rates approaching 1% a day 
have been seen in unprotected personnel partici¬ 
pating in night jungle operations. 8 

Malaria can also be spread by blood transfusion 
and from mother to fetus. 

Geographic Distribution 

Malaria has a certain expected geographic range 
which can be predicted from historical records. A 
quick guide to a country's malaria risk can be found 
in the Centers for Disease Control and Prevention's 
annual publication Health Information for Interna¬ 
tional Travel. 9 Areas of intense, year-round transmis¬ 
sion, often near the equator, are marked by constant 
warm temperatures and humidity. The vast major¬ 
ity of clinical cases of malaria, especially falciparum 
malaria, occur in sub-Saharan Africa, the Amazon 
River basin, and parts of Southeast Asia. Tropical 
areas free of malaria tend to be urban areas in South¬ 
east Asia and the Americas—areas where effective 
health services or environmental factors have elimi¬ 
nated the human infection reservoir or areas where 
deforestation or desertification have eliminated 
mosquito vectors. Local mosquito information on 
areas of military interest is often limited and should 
always be interpreted cautiously because develop¬ 
ing countries have inadequate data for military 
planning, and civil strife usually increases the po¬ 
tential for malaria transmission. 

There have been epidemics of malaria recorded 
as far north as Siberia in the former Soviet Union 
when summer temperatures allowed transmission 
to occur, so no fixed latitude lines for malaria trans¬ 
mission can be drawn. Cold temperatures usually 
limit malaria to altitudes below 1,500 m, but in some 
areas with population or ecological shifts, malaria 
transmission can be found in some parts of Africa 
at heights of greater than 2,000 m. 10 Malaria does 
not occur in deserts because mosquitoes require a 
certain amount of water to breed. This water may 
not be readily apparent, however, and oases in the 
Arabian Desert are small foci of malaria transmis¬ 
sion in a great sea of sand. 
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Imported malaria refers to cases of malaria in 
which infection was acquired in another country. 
In the United States and Europe, most malaria is 
imported from tropical areas. For physicians treat¬ 
ing service members, this presents a particular di¬ 
agnostic problem if an accurate travel history is not 
obtained. Imported malaria cases in military person¬ 
nel represent an extremely small chance of malaria 
reintroduction to formerly malarious areas because 
an infection must last at least 2 weeks to have a re¬ 
alistic chance to produce enough gametocytes to 
infect mosquitoes. This is likely only in an immune 
individual or one with no access to health care. Most 
autochthonous cases of malaria in the United States 
and Europe have been traced to transfusion malaria, 
relapsing malaria in travelers carrying gametocytes, 
or "airport malaria" (transmitted by mosquitoes 
transported in baggage or aircraft from a malari¬ 
ous country). 

The most recent example of a military operation 
causing the reintroduction of malaria from an endemic 
area into an area that had eradicated the disease is 
the Afghan War in the 1980s. 11 Large numbers of 
Soviet military personnel were infected with 
falciparum malaria. Many of the soldiers were sub¬ 
sequently demobilized and returned to areas of the 
former Soviet Union, such as Azerbaijan and 
Tajikistan, that were still potentially malarious de¬ 
spite earlier near-elimination of the disease. At least 
some secondary spread occurred from the military- 
associated cases introduced from Afghanistan. A 
similar incident with vivax malaria was reported 
in the United States following the Korean War. 12 

Evidence for importation of falciparum malaria 
via returned military personnel during the Vietnam 
War is sparse, but veterans did manage to cause a 
small focal epidemic of falciparum malaria in 
California by sharing needles to inject illicit drugs. 
Imported malaria was directly related to military 
personnel with malaria in 1942 when large num¬ 
bers of evacuated soldiers from New Guinea caused 
an epidemic of malaria in Cairns in northern 
Queensland, Australia. 13 

Incidence 

In some locations, the actual risk of new malaria 
infections varies considerably within fairly small 
areas. Thai border-guard units stationed only a few 
kilometers apart on the Thai-Cambodian border had 
nearly no malaria or attack rates in excess of 1% a 
day. 14 This example points out the difficulties in 
making any generalized statements about malaria 
incidence except that malaria can be very focal. 


Malaria incidence can be endemic or epidemic. 

Endemic malaria is seen in areas of intense trans¬ 
mission, where most of the local population is in¬ 
fected early in life and develop protective immunity 
to malaria by the time they reach adulthood. Chil¬ 
dren bear the brunt of malaria disease and deaths, 
whereas adults usually show low parasitemias with 
few symptoms. Endemic malaria is usually very 
stable, and the population shows little disease on 
superficial inspection. The risk to nonimmune per¬ 
sonnel in endemic malaria areas such as sub-Sa¬ 
haran Africa is very high, and particular efforts are 
necessary to prevent malaria. Missions involving 
humanitarian support to local populations in areas 
with endemic malaria require pediatric suspensions 
for malaria treatment and relatively fewer supplies 
for adult patients. 

Epidemic malaria produces more adult disease 
than endemic malaria. In areas where malaria trans¬ 
mission is usually low and depends on a conjunc¬ 
tion of weather and population factors, most local 
adults do not have effective immunity to malaria. 
When malaria transmission occurs, it is unstable 
and large numbers of adults may die. The Punjab 
in India is known to have periodic malaria epidem¬ 
ics when the monsoon rains are heavy. 15 Epidemic 
malaria can also be produced without any climatic 
changes by population shifts. Large movements of 
nonimmune service members during military op¬ 
erations or civilians during humanitarian emergen¬ 
cies may introduce a susceptible population into an 
endemic area, thus producing an epidemic in the 
newcomers. Epidemic malaria is particularly dan¬ 
gerous in civilian populations because of its ability 
to overwhelm health care services and confound 
physicians inexperienced with malaria who confuse 
it with other febrile illnesses. 

In areas that benefited from the global effort to 
eradicate malaria by spraying dwellings with DDT 
more than a generation ago, malaria has often 
resurged following the discontinuation of malaria 
control efforts. 16 This decay of the public health infra¬ 
structure has been widespread and has also hindered 
malaria surveillance. Sri Lanka nearly eradicated 
malaria, only to experience its resurgence second¬ 
ary to the consequences of civil war. Social disrup¬ 
tion in North Korean rural areas has lead to some 
cases of vivax malaria being seen in South Korea. 
This includes at least 40 cases of vivax malaria seen 
in US soldiers stationed on the demilitarized zone 
from 1994 through 1997. 17 Moving semi-immune 
infected persons from one tropical area to another 
may spread drug-resistant strains of malaria across 
the world rapidly. 
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Pathogenesis and Clinical Findings 

Malaria requires a certain incubation period, both 
in the mosquito before it is infective and in the hu¬ 
man until an infection becomes apparent in the blood. 
The later period, the intrinsic incubation period, is 
about 10 days for most species of Plasmodium. The 
practical import of this is that very short military op¬ 
erations may not be directly affected by malaria; those 
sick within the first week of a tropical deployment do 
not have malaria. The reverse side of this issue is that 
service members may develop the first symptoms of 
malaria after returning to areas where the awareness 
of the disease is often low. 

Nonimmune individuals may develop prodromal 
symptoms of malaria before parasites can be located 
in a blood smear. The usual clinical findings of ma¬ 
laria include fever, headache, chills, sweats, dyspho¬ 
ria, and mylagia; they have sometimes been described 
as being similar to a particularly bad case of influ¬ 
enza. In nonimmune persons, this may rapidly 
progress to severe malaria and death within hours to 
days. Any service member with a fever who has a 
travel history within the past year that includes a pos¬ 
sible exposure to malaria should promptly have serial 
malaria blood smears to rule out this very treatable 
and potentially lethal infection. Although other labo¬ 
ratory signs, such as mild leucopenia, anemia, and 
thrombocytopenia, are consistent with acute malaria, 
direct evidence of the parasite must be sought. 

Fever 

Fever is almost always present when malaria ex¬ 
ists in a nonimmune person. Many adults who have 
become tolerant to malaria through long exposure will 
have parasitemia without fever, but this situation 
could serve as an operational definition of malarial 
immunity. The fever is typically seen in conjunction 
with the classical triad of the malaria paroxysm: chills, 
fever, and sweats. The periodicity of malarial fevers 
is not often noticed if the diagnosis is made and treat¬ 
ment instituted in an expeditious manner. Antipyretics 
are useful to make the patient feel better because tem¬ 
peratures of up to 40°C are not uncommon. Distin¬ 
guishing the delirium of high fever due to malaria 
from early cerebral malaria is nearly impossible and 
usually unnecessary as both require the same urgent 
antimalarial treatment. 

Anemia 

Malaria parasites destroy host erythrocytes, but 
usually this is not enough to induce anemia unless 


the infection becomes chronic. Severe anemia, how¬ 
ever, is a fairly common finding in young children 
living in intensely malarious areas. Hyperparasitemia 
(>100,000 parasites/mm 3 ) has been treated with ex¬ 
change blood transfusion to lower the parasitemia, 
but this approach has not reduced mortality. 18 When 
frank anemia is seen during acute malaria in a service 
member, antimalarial drug reactions, such as glucose 
6-phosphate dehydrogenase (G6PD) deficiency-in¬ 
duced hemolysis, should be ruled out. 

Severe Malaria 

Most deaths from malaria within the military are 
due to failure to consider the diagnosis until the 
disease has progressed to a severe form. Nonimmune 
personnel have died after only a few days' illness 
when adequate treatment was not given quickly. 
Severe malaria is nearly always caused by P falciparum 
as the parasitized cells attach to small blood vessels 
in various internal organs. 19 Cerebral malaria 
appears as a parasite-induced metabolic coma. 
When treated promptly, patients generally recover 
full neurologic function, but cerebral malaria is a 
medical emergency. Analogous forms of severe 
malaria are seen with renal involvement producing 
acute renal failure and with pulmonary involvement 
producing a form of adult respiratory distress 
syndrome. Both are treated with appropriate 
physiologic support in an intensive care unit while 
attempting to kill the parasites as quickly as 
possible. Parental drugs, such as intravenous 
quinine (in the United States intravenous quinidine 
is used), are the keystone of severe malaria 
treatment. 19 The presence of malaria parasitemia 
and severe end organ damage does not mean that 
the two are causally related when dealing with 
immune adult patients with low parasitemias. 

Diagnostic Approaches 

The Standard 

Thin and thick blood smears are currently the 
standard for diagnosing malaria. Failure to consider 
malaria as a diagnosis and to examine microscopi¬ 
cally serial thick and thin blood smears is a frequent 
error noted in the treatment of patients who died 
of severe malaria in the United States. Small ma¬ 
laria parasites are more concentrated in thick blood 
smears, where the parasites can look like platelets 
or other forms of cellular debris. Coloration of stain 
and patience are important issues when examining 
blood films. Besides missing actual parasites due 
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to an inadequate blood examination, false positive 
results are very common when inexperienced per¬ 
sons examine blood smears for malaria. Pseudo¬ 
epidemics of malaria have also been caused from 
over-interpreting normal cellular elements in an 
effort not to miss a serious treatable disease. Expe¬ 
rience in reading blood slides and knowledge of 
when to obtain a smear are valuable in medical per¬ 
sonnel deploying to the tropics. 

Newer Diagnostic Tools 

In an effort to eliminate some of the subjectivity 
from the reading of malaria blood films, several new 
tests to measure parasites in the blood have been 
developed. They have not yet replaced blood 
smears, and any military medical unit deploying 
to the tropics should have the capacity to examine 
blood films until more experience is gained with 
the newer antigenic or nucleic acid detection meth¬ 
ods. Microscopic examination can be speeded 
through the use of fluorescent dye in a capillary 
tube, but this method still requires the ability to 
interpret microscopically visible parasites. 20 Fixed 
antigen detection methods using either the histi- 
dine-rich protein II or parasite lactate acid dehy¬ 
drogenase of P falciparum have shown promising 
results and give an answer that is relatively easy to 
interpret. 21 The usefulness of such techniques in the 
field remains to be proven. The polymerase chain re¬ 
action holds promise as a diagnostic method for a 
multitude of infectious agents including malaria, but 
it is still a research tool and is not soon expected to 
be useful in the field because of the level of technol¬ 
ogy required for accurate analysis. 22 Rapid diagnos¬ 
tic methods are most likely to be useful in situations 
where large numbers of samples need to be tested 
quickly. Until the technology greatly improves, 
microscopic examination of stained blood films re¬ 
mains the best way to determine if any single ser¬ 
vice member has malaria. 

Recommendations for Prophylaxis, Therapy, and 
Control 

Prophylaxis 

Chemoprophylaxis can kill or suppress the para¬ 
sites, but a continuous concentration of drug must 
be maintained. Prophylactic and treatment regi¬ 
mens recommended vary over time because of 
evolving resistance patterns and other factors; it is 
critical that medical officers consult with command 
medical authorities to ensure regimens are current 


(Figure 35-3). Th e Health Information for International 
Travel 9 and the package inserts of antimalarial medi¬ 
cations are also important sources of information 
regarding issues such as dosage, adverse effects, 
and contraindications. 

Any US deployment into an area with significant 
malaria transmission requires chemoprophylaxis 
(Table 35-1). There have been two traditional ap¬ 
proaches to chemoprophylaxis during exposure: 
weekly medication or daily medication. Currently 
drug possibilities for weekly administration include 
chloroquine (300 mg base) or mefloquine (228 mg 



Fig. 35-3. Two technicians from the Armed Forces Research 
Institute of Military Science, Bangkok, Thailand, are draw¬ 
ing blood from US Army soldiers of the 25th Infantry Divi¬ 
sion during the 1988 Cobra Gold exercise in Thailand. The 
soldiers were enrolled in a malaria chemoprophylaxis trial 
using mefloquine and doxycycline. Both the Thai and US 
Armies have been involved in important collaborative work 
on malaria chemoprophylaxis. 

Photograph: Courtesy of Colonel G. Dennis Shanks, 
Medical Corps, US Army. 
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TABLE 35-1 

DRUGS USED IN THE PROPHYLAXIS OF MALARIA 


Drug 

(Proprietary 

Name) 

Usage 

Adult Dose 

Pediatric Dose 

Comments 

Mefloquine 

(Lariam) 

In areas with 
chloroquine- 
resistant 
Plasmodium 
falciparum 

228 mg base 
(250 mg salt) 
orally, once / wk 

<15 kg: 4.6 mg/kg base 
(5 mg /kg [salt]) once/wk; 
10-19 kg: 1/4 tab/wk 

20-29 kg: 1/2 tab/wk 

30-45 kg: 3 / 4 tab / wk 
>45 kg: 1 tab / wk 

Contraindicated in persons 
allergic to mefloquine. Not 
recommended for persons with 
epilepsy and other seizure 
disorders, with severe 
psychiatric disorders, or with 
cardiac conduction abnormalities 

Doxycycline 

An alternative 
to mefloquine 

100 mg orally, 
once daily 

> 8 years of age: 

2 mg/kg of body weight 
orally daily up to adult 
dose of 100 mg/d 

Contraindicated in children < 8 y 
of age, pregnant women, and 
lactating women 

Atovaquone/ 

Proguanil 

(Malarone) 

In areas of 
multidrug- 
resistant 
Plasmodium 
falciparum 

1 adult tablet 
daily 

250 mg/100 mg 
orally 

11-20 kg: 1 pediatric tablet 
21-30 kg: 2 pediatric tablets 
31-40 kg: 3 pediatric tablets 
>40 kg: 1 adult tablet 

All given once daily 

Very well tolerated with some 
gastrointestinal distress, best 
given with food 

Chloroquine 

phosphate 

(Aralen) 

In areas with 
chloroquine- 
sensitive 

P falciparum 

300 mg base 
(500 mg salt) 
orally, once/wk 

5 mg/kg base (8.3 mg/kg 
[salt]) orally, once/wk, up 
to maximum adult dose of 
300 mg base 


Hydroxy¬ 

chloroquine 

sulfate 

(Plaquenil) 

An alternative 
to chloroquine 

310 mg base 
(400 mg salt) 
orally, once/wk 

5 mg/kg base (6.5 mg/kg 
[salt]) orally, once/wk, up 
to adult dose of 310 mg base 


Chloroquine + 
proguanil 

A less-effective 
alternative for 
use in Africa 
only if meflo¬ 
quine or doxy¬ 
cycline cannot 
be used 

Weekly 

chloroquine dose 
as above, plus 
daily proguanil 
dose 200 mg 
orally, once 
daily 

Weekly chloroquine dose 
as above, plus for proguanil: 
<2 y: 50 mg/d 

2-6 y: 100 mg/d 

7-10 y: 150 mg/d 
>10 y: 200 mg/d 

Proguanil is not sold in the 
United States but is widely 
available in Canada, Europe, 
and many African countries 


The pediatric tablet is 62.5 mg atovaquone and 25 mg proguanil 

Adapted from: Centers for Disease Control and Prevention. Information for health care providers: Prescription drugs for prevent¬ 
ing malaria, www.cdc.gov/travel/malariadrugs2.htm. Accessed on May 25, 2001. 


base in the United States), and daily possibilities 
include proguanil (200 mg) alone or in combinations 
with other drugs or doxycycline (100 mg). 23 Re¬ 
cently daily atovaquone/proguanil (Malarone) has 
been licensed for daily malaria chemoprophylaxis 
(Table 35-2). Choice depends on parasite suscepti¬ 
bility in particular regions and other factors. 

Weekly prophylactic regimens generally require 
less effort from the service members. Daily regimens 
require an enforced administration system, with the 
drugs typically being given out by squad leaders and 


supervised by medics. Different armies have favored 
different drugs for historical and other reasons. 24 
Daily administration regimens fail quickly when the 
drugs are not taken every day because the drugs are 
eliminated from the circulation in a matter of hours. 
Weekly administration provides more leeway, but 
missing a weekly medication dose means that the 
individual may have a suboptimal drug concentra¬ 
tion in his or her blood for several days. Both daily 
and weekly regimens are usually effective when the 
appropriate drugs are taken on schedule. 
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TABLE 35-2 

PRESUMPTIVE TREATMENT OF MALARIA 


Drug 

Adult Dose 

Pediatric Dosage 

Comment 

Pyrimethamine-sulfadoxine 

(Fansidar) 

Self-treatment drug to be used if 
professional medical care is not 
available within 24 hours. 

3 tablets (75 mg pyrimethamine 
and 1,500 mg sulfadoxine) 
orally as a single dose 

5-10 kg: 1/2 tablet 

11-20 kg: 1 tablet 

21-30 kg: 1 1/2 tablets 
31-45 kg: 2 tablets 
> 45 kg: 3 tablets 

Contraindicated in 
persons with sulfa 
allergy 

Seek medical care immediately 
after self-treatment. 




Atovaquone/proguanil (Malarone) 

4 tablets taken once daily for 

3 days (1000 mg atovaquone/ 
400 mg proguanil) 

Daily dose for 3 days: 
11-20 kg: 1 adult tablet 
21-30 kg: 2 adult tablets 
31-40 kg: 3 adult tablets 
>40 kg: 4 adult tablets 

Best taken with food, 
may cause gastro¬ 
intestinal distress 


Adapted from: Centers for Disease Control and Prevention. Information for health care providers: Prescription drugs for prevent¬ 
ing malaria, www.cdc.gov/travel/malariadrugs2.htm. Accessed on May 25, 2001. 


Side effects remain a key issue when giving 
medication to large numbers of healthy person¬ 
nel. Even minor objectionable drug effects will 
seriously decrease compliance with the preven¬ 
tive regimen. It is good policy to brief all the 
medical personnel in depth and inform the ser¬ 
vice members about side effects and how to 
counter them. This will also help suppress ru¬ 
mors that occur whenever personnel are placed 
on mass medication. Doxycycline can cause many 
gastrointestinal problems, such as stomach up¬ 
set, when taken on an empty stomach and needs 
to be taken with food. Women developing vagini¬ 
tis and light-skinned personnel developing severe 
sunburn are other problems of doxycycline. 
Mefloquine can rarely produce serious central ner¬ 
vous system effects, such as psychosis and sei¬ 
zures. 25 Mefloquine is not given to personnel with 
a history of seizures or serious neuropsychiatric 
disorders. Flight crews do not take mefloquine be¬ 
cause they need to avoid even minor mental prob¬ 
lems. More commonly, patients taking mefloquine 
complain of vague dysphoria. During recent mili¬ 
tary deployments, there has been a tendency to 
blame all physical and psychological problems re¬ 
gardless of etiology on prophylactic drugs. The 
best way to avoid having service members feel that 
they are being harmed by chemoprophylaxis is to 
circulate adequate information before starting any 
mandated medication. This is especially true with 
primaquine or other postexposure regimens be¬ 
cause service members often feel that their risk ends 


when they leave the endemic area and discontinue 
taking their medication. 

New drugs are under development and can be 
expected to take their place in the chemoprophy- 
lactic universe soon. Azithromycin is a long-acting 
antibiotic related to erythromycin that may be a 
substitute for doxycycline. Atovaquone/proguanil 
has been shown to prevent malaria in Africa and 
Asia. 26 A long-acting primaquine analog known as 
tafenoquine is under development and may provide 
a postdeployment treatment that is easier to use 
than primaquine. Although used for prophylaxis in 
some areas of China, the qinghaosu derivatives, 
such as artemenisin, cannot be recommended for 
long-term administration. 

Treatment 

When a nonimmune service member develops 
malaria, the goal is to bring the parasite count down 
rapidly to levels where severe malaria is not a con¬ 
sideration and then eliminate the last parasites to 
effect a cure. Before the development of widespread 
drug resistance in malaria, one drug (eg, chloroquine) 
could often perform both functions. Now in many 
countries, it is often necessary to use one drug to 
lower the parasitemia rapidly and other, longer-act¬ 
ing drugs to eliminate the last parasites. For severe 
infections, aggressive treatment in an intensive care 
unit is indicated. Quinine, or the closely related 
quinidine, is often used to reduce parasitemia rap¬ 
idly. Quinidine is the only licensed drug available 
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to Western physicians for severe malaria. 27 Quinine 
has a narrow therapeutic ratio and should always 
be given orally if the patient is able to tolerate oral 
medication. If oral medications are not tolerated, 
then quinine is administered via slow intravenous 
infusion over several hours. Quinine causes a num¬ 
ber of objectionable side effects (eg, tinnitus) when 
given in an adequate dosage and usually causes 
more problems to the patient than the malaria does 
by about the third day of treatment. Almost no one 
will take a 7-day course of quinine unless forced to 
do so. It is possible that qinghaosu derivatives, such 
as artesunate, may replace quinine in Southeast 
Asia, but as of 2000, none of them are licensed com¬ 
pounds in the United States. 

Because of the relatively short half-life of quinine 
and qinghaosu derivatives, it is important to give 
other drugs to eliminate the last parasites and so 
effect a parasitological cure. Doxycycline or tetra¬ 
cycline given over the course of 1 week will elimi¬ 
nate residual falciparum parasites. A single dose of 
mefloquine has been used for the same purpose 
following a course of artesunate. In some areas 
where drug resistance has not reached extreme lev¬ 
els, treatment with single-dose drugs such as py¬ 
rimethamine/sulfadoxine or mefloquine is still ef¬ 
fective. It is unclear how long this situation will last, 
and all medical officers who treat malaria patients 
need to be aware that drug resistance is a growing 
problem that may necessitate longer courses of 
drugs or combination therapy to obtain cures. If a 
service member with a previous malaria infection 
returns within 1 to 3 months of an apparently suc¬ 
cessful treatment, any reoccurrence may actually be 
a return of the old infection (recrudescence), which 
was suppressed but not completely cured. Blood 
film examinations should be repeated on any indi¬ 
vidual treated for malaria to ensure that the para¬ 
sitemia does actually resolve completely. 

Postdeployment Malaria 

Malaria often occurs in service members after 
redeployment to nonmalarious areas. This can happen 
with recrudescence of suppressed infections once 
prophylactic drugs are stopped or when residual liver 
stages (hypnozites) cause malaria to relapse long after 
the initial mosquito bite. The former can be avoided 
by continuing antimalarial prophylaxis after leaving 
the malarious area. When using either doxycycline 
daily or mefloquine weekly, it is recommended that 
medication be continued for 4 weeks after leaving the 
malarious area. This is a challenge as personnel often 
go on leave following major deployments and 


medication compliance falls accordingly. 

Relapsing malaria presents a different problem. 
Where service members have been heavily exposed 
to relapsing malaria species (P ovale or P vivax), it 
is currently recommended that primaquine (15 mg 
base daily for 2 weeks) be given to eliminate 
hypnozites and thus prevent relapses. There is 
evidence from Papua New Guinea 28 and Somalia 6 
that some forms of P vivax may be relatively tolerant 
to primaquine and thus require longer courses using 
more total primaquine. Primaquine can cause severe 
hemolysis in some individuals with G6PD deficiency, 
typically those with ancestors from the southern 
Mediterranean region and some areas of Southeast 
Asia and Africa. About 12% of blacks in the US 
military are G6PD deficient, although their deficiency 
is usually relatively less severe than that found in 
other ethnic groups. Testing service members for 
G6PD deficiency will eliminate most of this risk but 
involves predeployment testing and accurate 
recordkeeping. Testing for G6PD deficiency is not 
done by all military services (as of 2000 the US Army 
does not), and this must be considered when giving 
primaquine to large groups. 

Much of the primaquine that is dispensed is not 
taken. Some compliance difficulties may be solved 
by a new long-acting drug related to primaquine 
(tafenoquine) under development. Primaquine 
should be taken with food, as doxycycline is, be¬ 
cause this seems to minimize the gastrointestinal 
intolerance. Blood donors who have had malaria are 
deferred for 3 years after becoming asymptomatic, 
donors from countries on the Centers for Disease 
Control and Prevention's malaria-endemic list are 
allowed to donate 3 years after leaving the malarious 
area if they have had no unexplained symptoms 
suggestive of malaria, and donors who have visited 
a malarious area are allowed to donate 12 months 
after leaving the malarious area if they have had no 
unexplained symptoms suggestive of malaria regard¬ 
less of their history of antimalarial prophylaxis. 29 

Emergence of Drug Resistance 

Prophylaxis and treatment have been severely 
compromised by the rise of drug-resistant strains of 
P falciparum. When large numbers of persons living 
in malaria-endemic areas are taking long-acting drugs, 
such as chloroquine or mefloquine, resistant strains 
have a significant evolutionary advantage and 
gradually spread through the population. Since 
multidrug resistance has now evolved, the situation 
on the Thai-Cambodian and Thai-Burmese borders is 
approaching the point where incurable infections can 
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be anticipated. 30 The current situation in Africa and 
South America is not so severe, but resistance to both 
chloroquine and pyrimethamine/sulfadoxine is 
widespread. Improved access to antimalarial drugs 
in these areas will inevitably result in further drug 
resistance. As newer drugs are circulated more widely, 
more difficult issues of drug resistance can be 
anticipated. In well-supplied military units, most 
problems of drug resistance can currently be handled 
with alternative drugs. This is not the case in many 
armies from poorer nations, which are now making 
up an increasing proportion of United Nations 
peacekeeping missions in malarious areas. A well 
thought out plan is important to engendering 
confidence in and compliance with the assigned drug 
regimens from military personnel. 

Some of the islands of Melanesia and Indonesia 
and some areas of northern South America have 
chloroquine-resistant vivax malaria. There is no 
obvious replacement drug for chloroquine in treat¬ 
ing relapsing malaria. Relative resistance to pri¬ 
maquine may exist in Melanesia 28 and Somalia 
based on reports of difficulty eliminating relapses 
in individuals returning from these areas. 6 Noncom¬ 
pliance, confused orders, inactive or expired drugs, 
malabsorption, and failure to complete a drug 
course after returning home are also potential ex¬ 
planations for high malaria attack rates. In vitro 
analysis of parasite isolates can aid determination 
of drug resistance evolution, and efforts should be 
made to obtain blood from problem cases. Most 

DENGUE VIRUS 

Introduction and Military Relevance 

Dengue viruses are mosquito-borne flaviviruses 
related to the yellow fever virus. They are responsible 
for an estimated 20 million to 100 million new 
infections annually, making them the most common 
arthropod-borne virus infection of humans. 33 
Infection with dengue virus is a prominent cause 
of febrile illness in tropical areas, where it is known 
as dengue or breakbone fever. Dengue viruses can 
cause abrupt epidemics, in which cases of dengue 
may affect more than 50% of susceptible persons. 
Since the 1970s, the incidence of new infections has 
increased in parallel with an exponential rise in 
abundance of the principal mosquito vector, Aedes 
aegypti . 34 The mosquito species has spread into 
regions where previously it had been well controlled, 
most notably in Latin America and the Caribbean 
region. Increased mobility of human populations 
has also contributed to the introduction and spread 


antimalarial drug concentrations can be determined 
from plasma samples that have been frozen for later 
analysis to confirm compliance or drug resistance. 

Control 

Personal Protective Measures. Antimalarial 
drugs form a vital but not exclusive part of the 
means of preventing malarial illness. As noted in 
chapter 22 (Personal Protection Measures Against 
Arthropods), personal and unit level protective 
measures are vital to reduce the number of bites 
from infected mosquitoes and deserve great com¬ 
mand emphasis. 

Vaccines. Hope that a malaria vaccine might give 
a simple, durable solution to the problem of malaria 
prevention in service members became widespread 
once the molecular nature of malaria antigens be¬ 
gan to be uncovered. Unfortunately, no simple fix 
is in sight. 31,32 Malaria is a protozoan parasite of 
great complexity that has defied simple immuno¬ 
logic solutions. If and when a practical malaria vac¬ 
cine comes into use, it will likely include multiple 
antigens presented with new adjuvants to induce 
immunity capable of handling the genetic plasticity 
of plasmodia. Traditional tools of military preven¬ 
tive medicine, including antimosquito measures, 
chemoprophylaxis, and military discipline, will be 
needed for the foreseeable future to protect those 
deployed into tropical regions. 

[G. Dennis Shanks, Jerome J. Karwacki] 

INFECTIONS 

of dengue viruses into many areas of the tropics and 
subtropics. 35 

Dengue viruses and mosquito vectors pose 
significant hazards to nonimmune persons when 
they enter endemic areas. 36 US military populations 
in particular become exposed to dengue viruses 
while deployed in tropical regions. Often, sporadic 
cases occur in service members operating in these 
environments, but large numbers of personnel may 
be affected by epidemic dengue if there are favor¬ 
able entomological circumstances. The continuous 
prominence of dengue as a common arthropod-borne 
disease encountered by service members in the tropics 
has prompted much research, resulting in diagnostic 
tests and stimulating vaccine development. 

The first recorded observation of dengue among 
US forces was during the Spanish-American War, 
when troops were stationed in Cuba. During an 8- 
month period in 1898, 249 cases of clinical dengue 
were noted, with a case fatality rate of 8 per 1,000 
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troops. 37 In comparison, yellow fever was observed 
to be the most prominent disease, with 1,169 cases 
and a case fatality rate of 123 per 1,000. Dengue was 
of no importance during World War I as the major 
American Expeditionary Force campaigns were 
waged in temperate regions. During the postwar 
period, classic studies 38,39 in the transmission and 
pathogenesis of dengue were conducted by Siler 
and Simmons with personnel garrisoned in the Phil¬ 
ippines, where dengue was an immense military 
health problem. These studies helped identify the 
arthropod vectors for dengue infection and un¬ 
equivocally characterized the clinical and hemato¬ 
logic features of the disease. 

Dengue was the second most common arthro¬ 
pod-borne infection (after malaria) during World 
War II, causing an estimated 91,000 cases among US 


Army forces. 40 Dengue was a particular problem 
throughout the Pacific, the China-Burma-India the¬ 
ater, and the Mediterranean theaters of operation, 
where average rates of infection from 1942 to 1945 
ranged from 18 to 32 cases per year per 1,000 aver¬ 
age strength. Dengue epidemics affecting tens of 
thousands of service members occurred in New 
Guinea, Saipan, Hawaii, and other areas (Figure 35- 
4). Continuous movement of personnel and mate¬ 
riel associated with military operations may also 
have been related to huge outbreaks of dengue that 
occurred in ports in Japan, Hawaii, Australia, and 
many of the Pacific islands. 41 

The major impact of dengue on operations was its 
propensity to cause epidemics of disease among 
nonimmune populations taking inadequate preven¬ 
tive measures. Incapacitation of military personnel by 



Fig. 35-4. Daily report of new cases of dengue, Saipan epidemic. An explosive outbreak of dengue occurred on Saipan 
following the assault on the Marianas Islands in June 1944. It was estimated that over 20,000 cases occurred in the 
most extensive epidemic of dengue during World War II. Rates exceeding 400 new cases per day only decreased after 
introduction of aerial DDT spraying on 12 September. 

Data source: McCoy OR, Sabin AB. Dengue. Coates JB Jr, Hoff EC, Hoff PM, eds. Communicable Diseases: Arthropodborne 
Diseases Other than Malaria. Vol 7. In: Preventive Medicine in World War II. Washington, DC: Office of the Surgeon 
General, Department of the Army; 1964: 39. 
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dengue during the first weeks of exposure while fac¬ 
ing an entrenched and usually immune enemy force 
was of great concern to commanders. Outbreaks of 
disease during World War II often were related to com¬ 
bat operations, which complicated mosquito control 
measures. It was quickly realized that the incidence 
of dengue was inversely correlated with the effective¬ 
ness of the preventive measures imposed by com¬ 
manders. Epidemics of dengue subsided as rapidly 
as they arose, generally following institution of 
vigorous control measures. These included intensi¬ 
fication of vector control (eg, destruction of larvae, 
pesticide spraying, sweeps every 10 days to eliminate 
containers breeding mosquitoes) and enforced pre¬ 
ventive measures (eg, use of personal protection, man¬ 
datory use of screened quarters for patients, restricted 
contact between civilian and military populations). 
These prevention measures were credited, at least in 


part, with keeping the rates as low as they were. 37 
These policies were pursued to great effect in many 
regions, and declines in the incidence of dengue in 
the US Army were seen in all theaters (Figure 35-5). 

Many advances in dengue virus research oc¬ 
curred during World War II, primarily due to a team 
led by LTC Albert Sabin, who later developed oral 
poliovirus vaccine. Using the Dengue Research Unit 
at Princeton, NJ, established by the Army Epide¬ 
miology Board, Dr. Sabin and colleagues isolated 
and propagated two serotypes (types 1 and 2) of 
dengue virus in human volunteers and adapted the 
viruses to grow in suckling mouse brains. 42 They 
developed diagnostic tests for each and, using these 
unique reagents, they characterized immunity to 
dengue, identified the existence of neutralizing an¬ 
tibodies after infection, and prepared an attenuated 
dengue virus vaccine. 43 The dengue vaccine was 



Jan 1944 - Dec 1945 


Fig. 35-5. Incidence of dengue in US Army personnel. New Guinea and adjacent islands, January 1944 through De¬ 
cember 1945. Epidemic dengue was observed in troops deployed to New Guinea during the rainy season (January- 
February) 1944. Rates of dengue often exceeded that for malaria in some units. However, introduction of intensive 
mosquito control and preventive measures, and possibly immunity from the previous epidemic, resulted in lower 
incidence of dengue in 1945. 

Data source: McCoy OR, Sabin AB. Dengue. Coates JB Jr, Hoff EC, Hoff PM, eds. Communicable Diseases: Arthropodborne 
Diseases Other than Malaria. Vol 7. In: Preventive Medicine in World War II. Washington, DC: Office of the Surgeon 
General, Department of the Army; 1964: 37. 
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tested in volunteers but never administered to per¬ 
sonnel in the field, as the war's end interrupted 
vaccine development. 

Subsequent personnel deployments overseas 
benefited from the lessons of World War II. In¬ 
creased attention to preventive measures reduced 
the rate of medical casualties from arthropod-borne 
illnesses. But as sanitary and personal hygiene were 
dramatically improved, fevers of undetermined 
origin (FUOs, febrile illnesses not specifically di¬ 
agnosed during the 3 days following admission to 
a military hospital) assumed greater importance as 
causes of combat ineffectiveness. 44 While dengue 
did not have a significant role during the war in 
Korea, the experience of US forces in Vietnam un¬ 
derscored the importance of dengue as a military 
infectious disease. 

Fever of undetermined origin was "perhaps one 
of the greatest diagnostic dilemmas for military 
physicians in Vietnam." 45p75_76 It was common—the 
average incidence rate was 58 FUO cases per 1,000 
average troop strength per year (range: 35-100/ 
1,000 per year). Several comprehensive studies 
documented the etiologies of tropical fevers in per¬ 
sonnel deployed to Vietnam; they showed that den¬ 
gue was the cause of 4% to 28% of all FUOs (Table 
35-3). On the other hand, US service members in 
Vietnam did not suffer major epidemics of dengue 
"undoubtedly because of the high level of environ¬ 


mental sanitation and the resulting absence of A 
aegypti on most US Army bases in Vietnam. Dengue 
was contracted mainly by support forces who had 
contact with civilian populations, as most mosquito 
transmission occurred in local communities." 41p97 
No preventive measures are totally effective in the 
control of sporadic occurrences of dengue among 
service members entering an urbanized civilian area. 

No dengue occurred during the Persian Gulf War 
(1990-1991). This may have been due to the exclu¬ 
sion of Coalition personnel from urban areas, the 
war's occurrence in winter (which decreased vec¬ 
tor abundance), and strict preventive measures, in¬ 
cluding early establishment of disease monitoring 
and diagnostic laboratory support. 46 

The next major movements of personnel and 
materiel through the tropics occurred during Op¬ 
eration Restore Hope (Somalia, 1992-1993) and 
Operation Uphold Democracy (Haiti, 1994-1997). 
During Operation Restore Hope, more than 25,000 
US military personnel were deployed and concerted 
efforts were made to adopt the preventive medi¬ 
cine lessons learned from the Persian Gulf War. 47 
Rates of disease were low, perhaps because of lim¬ 
ited contact with the local population. Neverthe¬ 
less, dengue was responsible for 20% of all febrile 
illnesses in US military personnel. 48 

Twenty thousand US military personnel were de¬ 
ployed during Operation Uphold Democracy to 


TABLE 35-3 

DENGUE AS A CAUSE OF FEVER OF UNDETERMINED ORIGIN CASES IN US FORCES IN 
VIETNAM, 1966-1969 



Study 1 

Study 2 

Study 3 

Study 4 

Study 5 

Study 6 

Location 

93rd Evacuation 

8th Field 

Dong Tam 

I Corps (Navy) 

12th USAF 

9th Medical 


Hospital 

Hospital 




Laboratory 

Dates 

4/66-8/66 

10/66 - 2/67 

6/67- 12/67 

2/67 - 9/67 

7/67-6/68 

1/69 - 12/69 

# cases 

110 

94 

87 

295 

306 

1,256 



% specific diagnosis 




Malaria 

7.0 

6.4 

12.6 

+ 

70.0 

t 

Dengue 

28.0 

10.6 

11.0 

3.4 

5.0 

10.4 

Japanese 

1.0 

0 

1.0 

8.1 

0 

3.9 

encephalitis 







Undetermined 

26.0 

38.0 

54.0 

51.0 

12.0 

t 


Records of LTC Andre J. Ognibene, from data collected at the 9th Medical Laboratory, Long Binh, Vietnam. 

* excluded by study design 

Adapted from: Deller JJ Jr. Fever of undetermined origin. Ognibene AJ, Barrett O Jr, eds. General Medicine and Infectious Diseases. Vol 
2. In: Internal Medicine in Vietnam. Washington, DC: Office of the Surgeon General and Center of Military History, US Army; 1982. 
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Haiti, a known high-risk area for dengue and ma¬ 
laria. In the first weeks of deployment, personnel 
were located in an urban area close to the local 
population and to high densities of mosquito vec¬ 
tors. In recognition of the threat of vector-borne 
disease, service members were given malaria 
chemoprophylaxis, bednets, and insect repellents. 
Despite these measures, an outbreak of dengue re¬ 
sulted in significant morbidity and consumption of 
medical resources. 49 In the first weeks of the opera¬ 
tion (from 27 September to 5 November 1994), 112 
patients, or approximately 0.1% of US personnel, 
were evaluated for nonspecific febrile illness. Of a 
series of 103 consecutive patients admitted to the 
combat support hospital (25% of all hospital admis¬ 
sions during the period), 30 had confirmed dengue 
infection. 50 After this initial cluster of cases among 
personnel centered in the major urban areas, spo¬ 
radic cases continued to occur. In a 1995-1996 sur¬ 
vey of 61 consecutive febrile admissions to a US 
Army field hospital in Haiti, 25 soldiers were con¬ 
firmed to have dengue (Sun W. Unpublished data, 
1997). 

Dengue remains a common cause of sporadic fe¬ 
brile illness in service members deployed to the trop¬ 
ics. However, the explosive spread of dengue virus 
and vectors throughout the tropics worldwide sug¬ 
gests that the medical threat of dengue may increase 
in the future, especially when forces are deployed 
under less-controlled field conditions. Vigilance and 
adherence to vector control and personal preventive 
measures will be necessary. Until vaccination becomes 
possible, sporadic dengue will continue to occur when 
military individuals must move during daylight hours 
among civilian populations in endemic areas. 

Description of the Pathogen 

Dengue viruses are a group of four related vi¬ 
ruses, which are distinguished serologically as types 
1, 2, 3, and 4. 51 The virus serotypes share 60% to 
80% homology at the nucleotide level. All are patho¬ 
genic, causing clinically indistinguishable infections 
in a susceptible human host. Dengue viruses are en¬ 
veloped 40-50 nm virions that contain single- 
stranded 11 kilobase RNA enclosed by nucleocapsid 
proteins. 

Epidemiology 

Transmission 

The vectors of dengue virus are principally urban- 
dwelling, day-biting, anthropophilic Aedes species 


mosquitoes. The one of greatest importance is Aedes 
aegypti. The vector status of Aedes albopictus, the ti¬ 
ger mosquito, remains to be comprehensively es¬ 
tablished. 

Following a 10- to 14-day extrinsic incubation 
period within an infected mosquito that has fed on 
an infected person, the mosquito can inoculate vi¬ 
rus intradermally whenever it probes into a new 
host. Dengue virus then infects skin Langerhan cells 
and migrates to lymphoid organs such as the drain¬ 
ing lymph nodes, liver, and spleen. 52 After several 
cycles of replication, generally within 5 to 7 days 
after the mosquito bite, dengue virus is detectable 
circulating in the blood (Figure 35-6). The period of 
viremia is typically brief (less than 3 to 5 days) and 
usually coincides with onset of fever and symptoms. 

Geographic Distribution 

A aegypti is found worldwide and is established 
in the continental United States. Though A aegypti 
was eradicated from large portions of the Americas, 
the mosquito returned as control programs waned. 


Day 


12 ; 


Headache 

Flushing 

Arthralgia 

Backache 

Photophobia 

Nausea, vomiting 

Rhinitis, cough 

Bradycardia 

Rash 

Lymphadenopathy 
Hyperesthesia 
Minor hemorrhage 


3 


4 




97 


WBC 


tt 


Viremia 

Antibodies 



Fig. 35-6. The typical clinical course of dengue fever. 
Reprinted with permission from: Monath TP, Tsai TF. 
Flavivirusus. In: Richman DD, Whitley RJ, Hayden FG, 
eds. Clinical Virology. New York: Churchill Livingstone; 
1997. 
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Dengue poses a particular threat to forces deployed 
in the densely populated urban centers of the 
tropics, where the disease is often hyperendemic 
and underrecognized among the local populace. 
The incidence of dengue virus infections worldwide 
may be expected to increase in the near future as 
dengue viruses are introduced into new areas, 
perhaps even including the southern United States. 
The increasing pace of short-term deployments to 
tropical areas may also contribute to increased 
exposure to dengue. 

Dengue hemorrhagic fever (DHF) occurs in areas 
where three or more dengue serotype viruses 
circulate simultaneously or sequentially. The 
disease was first recognized in Asia, but since the 
1980s, it has emerged and intensified in Latin 
America and the Caribbean region. 53 No DHF has 
been observed yet in Africa. 

Incidence 

In dengue-endemic areas, infections usually oc¬ 
cur in children of preschool and school-age years 
(peak ages 2 to 9 years) but rarely result in promi¬ 
nent symptoms. 

Some infected individuals develop more severe 
disease with varying degrees of circulatory collapse 
and hemorrhage (dengue hemorrhagic fever/den¬ 
gue shock syndrome or DHF/DSS). This occurs in 
one of several hundred or thousand cases of dengue 
virus infection. 54 DHF principally affects children 
younger than 15 years old but may also occur in 
adults. In all regions where it is found, DHF occurs 
more frequently, but not exclusively, in individuals 
with secondary infections with dengue virus. 55 The 
risk of DHF is increased 100-fold in secondary com¬ 
pared to primary infections in Thailand. 56 Infants 
with circulating maternal antibodies to dengue vi¬ 
rus are susceptible to severe primary infection. The 
presence of prior immunity to dengue virus poses 
only part of the explanation for DHF, as severe den¬ 
gue occurs only in approximately 1 in 200 second¬ 
arily infected children. 57 

Dengue-naive adults traveling to endemic areas 
are at risk for developing dengue, but their risk for 
developing DHF appears remote. Despite thou¬ 
sands of cases of dengue in US service members 
since the 1960s, no case of DHF has been observed. 
However, if military personnel sustain sequential 
dengue infections over several years, as children do 
in areas where DHF is endemic, their risk of develop¬ 
ing DHF may increase. Only speculation is possible 
until the pathogenesis of DHF is fully understood 
and all risk factors are identified. 


Pathogenesis and Clinical Findings 
Pathogenesis 

Dengue viruses replicate within the cytoplasm 
of infected cells after receptor-mediated entry. The 
native receptor on the dengue target cell has not 
been determined. The known sites of viral replica¬ 
tion in vivo are leukocytes, especially circulating B 
cells, Kupffer cells, and tissue macrophages outside 
of the neuroaxis. Dengue antigen has been detected 
by immunofluorescence within tissue macrophages 
in affected target organs, such as the liver, spleen, 
kidney, and skin. 58 

Monocytes and macrophages are critical target 
cells for dengue virus because their infection may 
be enhanced by cross-reactive nonneutralizing an¬ 
tibody, a phenomenon known as antibody-depen- 
dent enhancement (ADE). 59 In ADE, dengue virus 
binds available group-specific antibody from pre¬ 
vious dengue infection and enters the cell through 
membrane F c receptors. There is increasing evidence 
that ADE is important in the causation of dengue 
hemorrhagic fever. 

Coincident with occurrence of fever is a charac¬ 
teristic depression of circulating neutrophil and 
platelet counts. 60 Infection of dendritic cells by den¬ 
gue viruses may play an important role in disease 
pathogenesis. 61 Viremia and fever cease with the 
appearance of IgM and IgG antibodies to dengue 
virus (see Figure 35-6). In general, symptoms be¬ 
come most profound as the immune response clears 
extracellular and intracellular virus. Uncomplicated 
dengue resolves uneventfully, although some pa¬ 
tients experience weeks of convalescent lassitude 
and asthenia. Rash, pruritis, and acral desquama¬ 
tion can occur up to 2 weeks after defervescence. 

Infection with one dengue virus type appears to 
confer lifelong homologous immunity but little to 
no heterologous immunity. 62 In many areas of the 
tropics, three or more dengue type viruses may si¬ 
multaneously circulate, prompting the occurrence 
of sequential infections, also termed secondary in¬ 
fections. Secondary infection with a dengue virus 
has been identified as the major risk factor for DHF / 
DSS, the most severe manifestations of dengue in¬ 
fection. 57 

The hallmark of DHF is a transient increase in 
vascular permeability, resulting in a shift of plasma 
from the intravascular space to the interstitium. 63 
When plasma leakage is profound, hypovolemic 
shock results. It is heralded by hemoconcentration 
and thrombocytopenia, usually after 3 to 5 days of 
illness as fever remits. 
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The body of evidence suggests that monocyte/ 
macrophage interactions with dengue virus are cen¬ 
tral to the pathogenesis of DHF. Virus entry and 
replication is probably enhanced by cross-reactive 
antibody; subsequently these cells produce cytokines. 64 
Complement is activated, generating vasoactive 
cleavage products C3a and C5a. Immune activation 
and the resulting cytokine and complement cascade 
appear to account for the plasma leakage and he¬ 
mostatic defects that occur in DHF. Conversely, less 
immune activation in dengue fever accounts for the 
absence of overt plasma leakage and less severe 
hemorrhage. 

The relative importance of viral virulence in the 
pathogenesis of DHF is still unclear. Two studies 
suggest that viruses derived from Southeast Asian 
genotypes were associated with DHF, in contrast 
to viruses originating from the Americas. 65,66 Recent 
data indicate a possible role for viral determinants 
in severe dengue. 67 As more genetic data becomes 
available, it is probable that viral factors, and asso¬ 
ciated host responses, may be key to pathogenesis 
of DHF. 


TABLE 35-4 

DENGUE FEVER IN US SERVICE MEMBERS 
(HAITI, N =55) 


Symptoms 


Fever 

55 

(100%) 

Chills or rigors 

51 

(93%) 

Headache/retro-orbital pain 

48 

(87%) 

Nausea or vomiting 

36 

(65%) 

Malaise 

35 

(64%) 

Myalgia 

34 

(62%) 

Diarrhea 

21 

(38%) 

Signs 

Conjunctival injection 

29 

(53%) 

Rash 

23 

(42%) 

Cervical lymphadenopathy 

20 

(36%) 

Laboratory (N = 25) 

Leukopenia (leukocyte count < 3,000/ mm 3 ) 

14 

(56%) 

Thrombocytopenia (plt<100,000/ mm 3 ) 

10 

(40%) 

Elevated serum transaminases 

9 

(36%) 


Pit: platelet count 


Clinical Findings 

Adults with dengue have a more overt and char¬ 
acteristic illness than children, prompting some 
authorities to speak of dengue in adults as "classic" 
dengue fever. The incubation period is 2 to 8 days. 
The most common symptoms include abrupt onset 
of fever (39.5°C-40.5°C), generalized myalgias, 
arthralgias, malaise, headache frequently accompa¬ 
nied by retro-orbital pain or pain on eye movement, 
and rash (Table 35-4). Prostration from diffuse bone 
and muscle pains can be severe (hence the name 
breakbone fever). Not uncommonly, the patient will 
experience gastrointestinal symptoms such as nau¬ 
sea, vomiting, bloating, and loose stools. Upper res¬ 
piratory symptoms are uncommon. An exanthem 
during the febrile phase is a characteristic yet not 
pathognomonic finding. It is usually a diffuse, 
blanching, erythematous macular rash over the 
trunk and extremities, sparing the palms and soles 
(Figure 35-7). Less commonly, the rash may be pru¬ 
ritic and evolve to become petechial, morbilliform, 
or papular and to become associated with desqua¬ 
mation in the digits during convalescence. Symp¬ 
toms remain intense for 3 to 5 days, then subside 
rapidly, usually within a week. The patient will oc¬ 
casionally manifest a "saddle-back" fever pattern. 
The majority of individuals recover and are able to 
return quickly to normal activity. A few patients, 
however, may experience prolonged convalescent 
asthenia. In contrast to this typical adult course, one 
of the most common presentations in school-aged 



Fig. 35-7. A photograph of a generalized, blanching, 
erythematous macular rash in a US soldier with dengue 
fever. The soldier was ill for 2 weeks and took 50 days to 
return to normal. 

Photograph: Courtesy of Amy L. Wyatt. 
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children in endemic areas is mild fever without local¬ 
izing signs; many others present with abdominal pain 
or an upper respiratory syndrome with pharyngi¬ 
tis and rhinorrhea. 

Laboratory findings in dengue include transient 
leukopenia and thrombocytopenia. The drop in 
white blood cell count is principally due to deple¬ 
tion of mature neutrophils. Occasionally, atypical 
large lymphocyte forms are also detectable on the 
blood smear. Elevated transaminases (up to 400 U / 
L) without rise in bilirubin are seen in about a third 
of cases; rarely (0.01% to 0.1% of cases), more pro¬ 
found increases in asparate aminotransferase and 
alanine aminotransferase may be associated with 
severe liver injury or even liver failure, as is seen in 
yellow fever. 

Diagnostic Approaches 

An increase in sporadic cases of fever may be the 
first indication that dengue transmission has begun 
in a unit or encampment. The virus has the poten¬ 
tial to cause epidemics among exposed personnel. 
The challenge to the clinician in the acute phase of 
the illness is to differentiate dengue from other 
treatable febrile illnesses. Differential diagnosis is 
complicated by the lack of widely available diag¬ 
nostic tests and the inability to clinically distinguish 
dengue from other tropical fevers. It is imperative 
to exclude malaria, as individuals may be ill with 
either or both infections. Falciparum malaria is po¬ 
tentially fatal and eminently treatable. Other treat¬ 
able entities to be considered are rickettsioses and 
leptospirosis. 68 The hemorrhagic manifestations of 
dengue may be indistinguishable from yellow fe¬ 
ver. It is important to make the distinction because 
there is an effective vaccine for yellow fever, a dis¬ 
ease with 10% to 20% mortality. 

The diagnosis of dengue requires laboratory con¬ 
firmation but should be entertained in any febrile 
patient having possible exposure who lacks local¬ 
izing signs and has a normal or depressed leuko¬ 
cyte count. Confirmation of a clinical diagnosis of 
dengue can be made by identification of virus in 
blood or by serology. Cross-reactive responses 
among different flaviviruses complicate definitive 
serologic diagnosis, though. 69 There are assays cur¬ 
rently in use to detect recent or past infection, in¬ 
cluding hemagglutination-inhibition and plaque 
reduction neutralizing antibody assays, but these 
tests are generally unavailable. The most useful di¬ 
agnostic test is a enzyme-immunoassay for dengue- 
specific IgM and IgG antibodies. 70 

The presence of detectable dengue-specific IgM or 


4-fold rises in IgG titer confirm dengue virus infec¬ 
tion. This diagnosis is ideally confirmed by virus 
isolation and identification with reference antisera. 
The viruses are best isolated from sera collected 
from febrile individuals and stored at -70°C prior 
to shipping on dry ice. Definitive diagnosis of den¬ 
gue virus infection is most easily achieved from 
paired sera specimens, one drawn during the acute 
phase of illness and another drawn at least 2 days 
after defervescence. Recent experience of deployed 
US Army personnel in Haiti has shown the limita¬ 
tion of serologic diagnosis. 71 Of 224 serum speci¬ 
mens collected from patients at first evaluation, 58% 
had no dengue IgM but had positive dengue virus 
isolation. In the future, nucleic acid detection meth¬ 
ods may enable rapid diagnosis even under field 
conditions. 



Fig. 35-8. This is a positive tourniquet sign in a patient 
with dengue hemorrhagic fever from Thailand. 
Photograph: Courtesy of Dr. Siripan Kalayanrooj, Thailand. 
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For the present, a tourniquet test should be per¬ 
formed, as experience in children in Thailand suggests 
that a negative tourniquet test excludes the diag¬ 
nosis of dengue infection with greater than 75% 
certainty after two days of fever. 72 However, a posi¬ 
tive tourniquet test is not specific for DHF. The test 
is done by inflating the blood pressure cuff to mid¬ 
point between the systolic and diastolic pressures 
for 5 minutes and then releasing the cuff. Increased 
capillary fragility is marked by a shower of pete- 
chiae below the cuff. If 20 or more petechiae per 
square inch are observed, the tourniquet test is posi¬ 
tive (Figure 35-8). 

The clinician should also be alert to the devel¬ 
opment of DHF / DSS during the period in which 
fever remits. The disease starts similarly to den¬ 
gue but may progress to shock and hemorrhage, 
usually in the gastrointestinal tract. Warning 
signs are a falling platelet count (less than 
100,000/ mm 3 ) and rising hematocrit. The loss of 
intravascular volume results in narrowed pulse 
pressure with tachycardia, hemoconcentration. 


and evidence of interstitial fluid collection (eg, 
pleural effusions, ascites). Circulating comple¬ 
ment and clotting factors are depleted. In the 
Cuban outbreak in 1981, the first large outbreak 
of DHF /DSS in the Americas, the disease in 
adults was characterized by fever (100%), con¬ 
stitutional symptoms (100%), gastrointestinal 
symptoms (90%), purpura (66%), and upper gas¬ 
trointestinal bleeding (40%). 73 Hepatomegaly 
(35%) and hematemesis (35%) were poor prog¬ 
nostic signs. Laboratory abnormalities of throm¬ 
bocytopenia and hemoconcentration were seen in 
71% and 92%, respectively. Ninety-eight percent 
of the cases of DHF /DSS in this Cuban outbreak 
exhibited a secondary antibody response. 

There is a continuing need for clinical and labor¬ 
atory expertise to recognize and treat these infections 
early, particularly if DHF should occur among 
previously exposed personnel. Future efforts should 
concentrate on ways to expedite diagnosis of 
dengue virus infection and on the development of 
dengue virus vaccines that offer solid immunity. 


TABLE 35-5 

TREATMENT AND CLASSIFICATION OF DENGUE AND DENGUE HEMORRHAGIC FEVER 


Grade 

Symptoms 

Signs 

Treatment 

Dengue fever 

Headache, 
retro-orbital 
pain, myalgia 

Fever (39°C-41°C), rash (blanching, 
erythematous) 

-Treat symptoms 

-Use anti-inflammatory agents (not aspirin) 
-Monitor clinical status daily 
-Determine hematocrit & platelet count 

DHF Grade I 

Same as above 

Hemoconcentration (^20% rise in 
hematocrit), thrombocytopenia 
(<100,000/ mm 3 ), positive 
tourniquet test 

Same as above, plus: 

-Monitor vital signs q 2h, then q 6h 
-Determine hematocrit, platelet count 
-Provide oral hydration 

DHF Grade II 

Same as above 

Hemoconcentration and thrombocyto¬ 
penia, spontaneous bleeding 

Same as above, plus: 

-Type and cross match 
-Determine PT and PTT 

DHF Grade III 

Restlessness, 

confusion, 

lethargy 

Hemoconcentration and thrombocyto¬ 
penia, rapid weak pulse, narrowed 
pulse pressure (<20 mm Hg), 
hypotension, cold clammy skin 

Same as above, plus: 

-Administer isotonic intravenous fluids 
(rapid 20 mL/kg bolus) 

-Obtain electrolytes, ALT / AST 
-Monitor vital signs more frequently 
(q 30 min or less) 

-Follow urine output 

DHF Grade IV 

Depressed 

sensorium, 

stupor 

Hemoconcentration and thrombo¬ 
cytopenia, undetectable pulse and 
blood pressure 

Same as above, plus: 

-Administer intravenous colloid or plasma 
10-20 mL/kg 

-Provide critical care support as needed 


PT: prothrombin time; PTT: partial thromboplastin time; ALT: alanine aminotransferase test; AST: aspartate aminotransferase test 
Reprinted with permission from Kanesa-thasan N, Hoke CH Jr. Dengue and related syndromes. In: Schlossberg D, ed. Current 
Therapy of Infectious Disease. 2nd ed. Chicago: Mosby-Year Book; 2000: 617. 
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Recommendations for Therapy and Control 
Therapy 

Dengue is a self-limited illness, and symptoms 
generally resolve with judicious use of nonsalicylate 
analgesics and fluids. There is no specific treatment. 74 
The treatment of both DHF and DSS is principally 
supportive, along with close monitoring of hematocrit 
and blood pressure (Table 35-5). DHF should be 
suspected in individuals who manifest sudden onset 
of restlessness, confusion, or lethargy after a dengue¬ 
like syndrome. Hospital admission is required for 
individuals who are at risk for shock, that is, for those 
who have bleeding, hemoconcentration, narrowed 
pulse pressure, oliguria, significant prostration, 
thrombocytopenia of less than 100,000/mm 3 , or 
clinical deterioration. Hospitalization should be 
considered for other patients who cannot be 
adequately monitored. Aggressive fluid support can 
be lifesaving. These measures when used effectively 
decrease mortality of DHF /DSS to less than 1%. 75 

Control 

Efforts to eradicate dengue mosquito vectors 

DENGUE-LIE 

Introduction and Military Relevance 

It is of utmost importance to the clinician and 
preventive medicine officer to be able to generate a 
clinical differential diagnosis of diseases that may 
present like dengue does. This differential will 
guide the clinician in obtaining the proper sera for 
a definitive diagnosis and in direct clinical manage¬ 
ment of potential serious complications such as 
coagulopathy or shock in the case of the hemor¬ 
rhagic fevers. This differential will also guide the 
preventive medicine officer in expanding case defi¬ 
nitions of reportable diseases in a theater of opera¬ 
tions, as well as the list of potential vectors that may 
be targeted for vector control. This section will dis¬ 
cuss several dengue-like diseases to emphasize the 
wide diversity of these viruses and their vectors. 
Since dengue is currently occurring as a worldwide 
pandemic of the tropical and subtropical regions, 
the simultaneous occurrence of the viral pathogens 
discussed in this section and dengue is a very real 
and valid concern for US service members and their 
health care providers. 

Dengue fever can manifest itself in a broad range 
of clinical presentations ranging from an asymp¬ 
tomatic infection to a viral syndrome to classical 


have failed, and the vectors resist most conventional 
control efforts, including ultra-low-volume spraying 
of insecticides outside homes. Community prevention 
programs involving removal of fresh water recep¬ 
tacles where the vector may breed and education 
regarding the habits of the mosquito vectors in the 
area and the mosquito transmission cycle have had 
some success. Other available methods for prevent¬ 
ing infection involve personal protection using 
long-acting insect repellents and elimination of lo¬ 
cal breeding sites. During dengue epidemics, there 
may be a limited role for insecticide spraying to 
reduce the density of infected mosquitoes, but tra¬ 
ditionally this measure has had little immediate 
impact. Effective vector control and personal pro¬ 
tection measures should be emphasized to military 
personnel deploying to endemic areas. 

The US Army has been a leader in dengue vac¬ 
cine development, with the goal being a tetravalent 
vaccine that confers protection against all four den¬ 
gue serotypes. Since the 1960s, efforts have been 
made to develop safe, live, attenuated vaccines that 
would infect and immunize recipients. 76 The pace 
of vaccine development accelerated in the early 
1990s. 

[Niranjan Kanesa-thasan, Wellington Sun, Bruce L. Innis] 

SYNDROMES 

dengue to its severest form—dengue hemorrhagic 
fever with or without shock syndrome. The differ¬ 
ential for a dengue-like disease will change with 
the nature of presenting clinical symptoms, which 
themselves depend on factors such as the day of 
illness, host immunity, and variables that affect 
immunity (eg, combat fatigue and stress, preexist¬ 
ing immunity, host genetic factors, viral virulence). 
These factors will generate a continuum of possible 
etiologies as the disease manifests and progresses 
in the patient (Figure 35-9). 

Oropouche Fever 

Introduction and Military Relevance 

Oropouche virus was first isolated in Trinidad 
in 1955 from the blood of a charcoal worker with a 
febrile illness. 77 A series of epidemics of this dis¬ 
ease involving approximately 263,000 persons oc¬ 
curred from 1961 to 1981 primarily in the Amazon 
River basin but also in the Brazilian states of Manaus, 
Barcelos, Amazonas, and Amapa. 78 The estimated 
incidence of oropouche fever during these epidemics 
ranged from 17 to 60 per 100 persons. From 1961 to 
1992, there have been 23 documented outbreaks of 
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Viral 

Dengue 

Dengue 

Syndrome 

Fever 

Hemorrhagic Fever 


Viral: influenza A and B, West Nile, chikungunya, O'nyong nyong, Oropouche, 
Ross River, Barma Forest 

Nonviral: malaria, typhoid fever, scrub typhus, rickettsial infections, 
bacteremia, leptospirosis, bartonella, relapsing fever 


Measles, enterovirus, adenovirus, 
parvovirus, Epstein-Barr virus, hepatitis A 
hepatitis B, hepatitis E, acute HIV 




anifestations 

Shock 
Hemmorhage 
Liver injury 



Viral: yellow fever, Lassa, 
Marburg, Ebola, Rift 
Valley, Crimean-Congo, 
Korean HF, Kyasanur 
Forest 

Nonviral: bacterial 
sepsis, leptospirosis 


Days after infection 

Fig. 35-9. Schema for the differential diagnosis of dengue-like diseases based on clinical dengue illness day. 


Oropouche fever in Brazil, 2 outbreaks in Panama, and 
1 outbreak in Peru. 79 The wide range of occurrence of 
this virus throughout the Central and South America, 
its ability to produce high attack rates among immune- 
naives, and its high morbidity rate makes this virus 
militarily relevant for US military personnel deploy¬ 
ing into potentially endemic areas. 

Description of the Pathogen 

Oropouche virus is in the family Bunyaviridae and 
the genus Bunyavirus; antigenically it is a member 
of the Simbu serogroup of RNA viruses. 78 

Epidemiology 

It is postulated that Oropouche fever has two 
cycles of transmission: (1) an epidemic urban cycle 
in which humans are the primary host and the bit¬ 
ing midge Culicoides paraensis is the vector and (2) 
a silent maintenance cycle in which forest animals, 
primarily sloths, are the primary hosts but the vector 
is unknown. Recent studies of febrile patients in Panama 
indicate that Oropouche virus was a common cause 
of fever and suggests that the virus may be maintained 


endemically in communities over long periods of 
time. 79 The endemicity of this disease was confirmed 
in a cross-sectional serosurvey of a rural community 
near Iquitos, Peru. 80 The overall seroprevalence of 
antibody in adults to Oropouche virus in this com¬ 
munity was 33.7%; the risk factors for seropositivity 
were travel to forest communities and travel to Iquitos. 

Oropouche fever has been largely reported in the 
tropics of South America and primarily in northern 
Brazil. The biting midge C paraensis was confirmed to 
be a potential vector in laboratory studies. 78 The 
midge, which also is found in Central and North 
America, feeds readily on humans, breeds in garbage 
and rotting organic material, and feeds diurnally, with 
peak blood feeding occurring just before sunset. 

Pathogenesis and Clinical Findings 

Serosurveys provide an estimate that 63% of per¬ 
sons infected with Oropouche virus will develop clini¬ 
cal manifestations of Oropouche fever. 78 Human dis¬ 
ease appears after an incubation period of 4 to 8 days. 
Viremia occurs during the first two days of illness and 
is manifested clinically by the sudden onset of fever, 
headache, muscle ache, joint pains, and photophobia. 
Leukopenia associated with neutropenia is a common 
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laboratory finding, although some individuals may 
have a leukocytosis. 77 Rash is observed infrequently, 
and other manifestations may be gastrointestinal in 
nature (eg, nausea, vomiting, diarrhea). Central ner¬ 
vous system involvement can occur primarily as an 
aseptic meningitis. Infection with Oropouche virus 
may be teratogenic, based on the teratogenic poten¬ 
tial of other related Simbu group bunyaviruses. The 
illness lasts from 2 to 7 days, and immunity may be 
life-long. 

Diagnostic Approaches 

Diagnosis of Oropouche infection can be achieved 
serologically by standard enzyme-linked immuno¬ 
sorbent assay measuring IgG or plaque reduction 
neutralization titers. Virus can be isolated during 
the first days of illness but sera must be stored at -70°C. 
Oropouche fever in the early stages of disease is 
clinically indistinguishable from dengue. The ab¬ 
sence of rash, hemorrhage, or shock in Oropouche 
fever are key clinical observations that may distin¬ 
guish it from dengue. 

Recommendations for Therapy and Control 

The treatment is supportive, and there is no vac¬ 
cine for Oropouche fever. Prevention and control 
of epidemics involve vector control and personal 
protection measures (see Chapter 22, Personal Pro¬ 
tection Measures Against Arthropods). 

Rift Valley Fever 

Rift Valley fever was first clinically described in 
1912 and 1913 in the Great Rift Valley in Kenya. 
From 1930 to 1931, extensive studies of Rift Valley 
fever established it as a viral disease that produces 
illness primarily in domestic animals (especially 
sheep) but that could produce illness in humans. 81 
Further studies elucidated its wide geographic 
range and demonstrated its potential for fatal out¬ 
comes in humans. 

Description of the Pathogen 

Rift Valley fever virus is in the family Bunyaviridae 
and the genus Phlebovirns. Serologic characterization 
of its antigenic make-up subclasses this virus into the 
sandfly fever serogroup of the phleboviruses. 82 

Epidemiology 

Rift Valley fever virus has been isolated in a large 
number of blood-feeding arthropods, such as Aedes, 


Anopheles, and Cidex mosquitoes, Cidicoides midges, 
Simulium flies, and Rhipicephalus ticks. 81,83 Transovarial 
and venereal transmission of the virus has been 
documented in male and female Aedes liniatopennis 
mosquitoes and may be the mechanism for the 
maintenance of the virus in the environment. It is pos¬ 
tulated that during periods of heavy rainfall, the num¬ 
bers of infected mosquitoes increase by transovarial 
amplification, and they spread the virus to suscep¬ 
tible vertebrate hosts, including domestic animals. Rift 
Valley fever virus can occur naturally in a wide num¬ 
ber of animal species, including all domestic animals 
and such small mammals as mice, rodents, and 
hedgehogs. In experiments, dogs, cats, rabbits, and 
monkeys have been infected as well. Animals become 
a source to infect arthropods, which in turn become 
vectors, resulting in the escalation of this disease into 
humans. Risk factors for infection include occupations 
that demand close contact with animals (eg, veteri¬ 
narians, butchers, abattoir workers). 

Current theory suggests two different types of 
epidemiologic patterns for Rift Valley fever: (1) epi¬ 
zootics and epidemics occurring in eastern and 
southern Africa and (2) enzootic and endemic dis¬ 
ease in western Africa. 84 

There has been Rift Valley fever activity in 24 
African nations. From 1960 to 1978, there have 
been several isolated outbreaks of Rift Valley fe¬ 
ver in Angola, Egypt, Kenya, Namibia, South 
Africa, Zambia, and Zimbabwe. 81 An outbreak of 
Rift Valley fever occurred i n Kenya from 1997 to 
1998, resulting in more than 80,000 cases. 85 This 
outbreak is estimated to be the largest reported 
outbreak in eastern Africa. Phylogenetic analy¬ 
sis of isolates from this outbreak revealed their 
genealogy to be related to an isolate obtained 
during the 1990 outbreak in Madagascar. Out¬ 
breaks of Rift Valley fever have been character¬ 
ized by high attack rates in domestic animals, 
with 30% mortality and an abortion rate of 80% 
to 100%. 81 

In a study conducted in the northern province of 
Sudan, 23% of 185 individuals demonstrated anti¬ 
body to Rift Valley fever virus. 86 In the Nile River delta 
of Egypt, a seroprevalence of 15% was documented. 87 
Cases of Rift Valley fever were not detected in com¬ 
bat troops deployed in during the Persian Gulf War 
nor was there evidence of infection by postdeploy¬ 
ment antibody serosurveys for virus. 88 

Pathogenesis and Clinical Findings 

Rift Valley fever in humans is characterized by 
the onset of fever (which can be saddleback in na¬ 
ture), severe "back-breaking" myalgia, headache. 
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and anorexia. 81 The illness lasts approximately 4 to 
7 days, with viremia occurring in the first 2 days of 
illness, followed by complete recovery in the ma¬ 
jority of patients in 2 weeks. A more severe form of 
Rift Valley fever can occur and produces ocular 
hemorrhage with diminished visual acuity, encepha¬ 
litis, hemorrhagic illness, and death. 84 Ocular Rift 
Valley fever occurred during an outbreak in Egypt 
and was characterized by the onset of diminished 
visual acuity 7 to 20 days after initial symptoms, 
retinal hemorrhage, and vasculitis. Meningoen¬ 
cephalitis was reported during the South African 
outbreak in 1975, with the onset of encephalitis 5 to 
10 days after the development of fever. 81 Hemor¬ 
rhagic Rift Valley fever occurs 2 to 4 days after the 
onset of fever and was the cause of 598 human 
deaths (case-fatality rates between 0.2% and 14%) 
during a 1977 outbreak in Egypt and was a feature 
of the Zimbabwe outbreak in 1978. 81 Outbreaks of 
Rift Valley fever followed no seasonal pattern but 
occur after periods of excessive rain or during the 
development of irrigation projects. 89 

Diagnostic Approaches 

Diagnosis of Rift Valley fever can be accom¬ 
plished by standard viral isolation or molecularly 
by polymerase chain reaction. Rising antibody titers 
or seroconversion as detected by enzyme immu¬ 
noassay or plaque reduction neutralization titers 
can establish a serologic diagnosis. The clinical dis¬ 
tinction between Rift Valley fever and dengue may 
be difficult, especially if the presentation is a hem¬ 
orrhagic fever. However, clinically distinct features 
of Rift Valley fever, such as ocular involvement or 
encephalitis, and concomitant reports of illness and 
abortions among local livestock will distinguish Rift 
Valley fever from dengue. 

Recommendations for Therapy and Control 

Prevention and control of this disease rely on an 
active disease surveillance program in domestic 
animals (as well as humans), immunization of live¬ 
stock with currently available killed or attenuated 
veterinary vaccines, and vector control. The effec¬ 
tiveness of antiviral therapy in humans has not been 
established; however, interferon-alpha and ribavirin 
have been shown to have protective efficacy in non¬ 
human primates infected with Rift Valley fever vi¬ 
rus. 90 A formalin-inactivated Rift Valley fever vaccine, 
currently not licensed, has been developed and 
demonstrated to be highly effective in domestic 
livestock and in humans. 91 The immunogenicity of 
the inactivated Rift Valley fever vaccine in humans 


was recently reviewed. 92 The TSI-GSD-200 inacti¬ 
vated RV vaccine was administered to 540 vaccinees 
from 1986 to 1997 using three subcutaneous doses 
at 0, 7, and 28 days. Approximately 90% of vaccinees 
developed titers of greater than 1:40 of which 98% 
retained high titers after successful boosting by the 
vaccines. Of the 10% who were nonresponders, 75% 
developed antibody titers on boosting with the vac¬ 
cine. The vaccine was safe and immunogenic, with 
good long-term immunity after a primary series and 
one booster dose vaccine. It is available at the US 
Army Medical Research Institute for Infectious Dis¬ 
ease, Fort Detrick, Md. Human vaccination may be 
indicated for persons at high-risk, such as labora¬ 
tory or veterinary staff working with the virus or 
those in areas that are endemic for Rift Valley fever. 

Chikungunya 

Introduction and Military Relevance 

Historically, it has been difficult to distinguish 
mosquito-borne chikungunya from dengue fever. 
A number of large outbreaks of "dengue fever" 
during the 1800s in Egypt, the East African coast, 
and India were clinically more closely related to 
chikungunya infection than dengue. The Tanzanian 
word chikungunya was used to designate the severe 
joint and muscle pains associated with this disease 
during a large outbreak of clinical disease in that 
country in 1952 to 1953. 93 

Description of the Pathogen 

Chikungunya virus is a positive-sense, single- 
stranded RNA virus in the family Togaviridae and 
the genus Alphavirus. It is antigenically closely related 
to O'nyong nyong virus. 94,95 Chikungunya virus is 
genetically highly conserved within Asian and Afri¬ 
can countries, with parsimony analysis revealing two 
distinct lineages, one from isolates occurring in west¬ 
ern Africa and the other from southern and east Af¬ 
rica and Asia. 96 

Epidemiology 

Aedes aegypti mosquitoes in India, Thailand, and 
Nigeria and Ae africanus mosquitoes in Africa trans¬ 
mit chikungunya virus. It has been demonstrated 
experimentally that these other mosquitoes can 
carry the virus: Ae albopictus, Ae calceatus, Ae 
pseudoscutellaris, Anopheles albimanus, and Eretma- 
podites chrysogaster. 9 ' Disease occurs in areas where 
Ae aegypti and Ae africanus are present, suggesting 
that these are the principle vectors for transmission 
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into humans. Serosurveys of primates have dem¬ 
onstrated chikungunya virus antibody in monkeys, 
baboons, and chimpanzees, suggesting a possible 
means of environmental maintenance of this virus. 

Chikungunya virus is distributed worldwide. It has 
produced pandemics in the African nations of 
Uganda, Tanzania, Zimbabwe, South Africa, Angola, 
the Democratic Republic of the Congo (formerly 
Zaire), Nigeria, and Senegal and is endemic through¬ 
out sub-Saharan Africa. 98 Chikungunya virus has 
produced pandemics, and it has become endemic in 
India and has extended into Southeast Asia includ¬ 
ing Thailand, Cambodia, and Vietnam. Epidemics of 
chikungunya fever occurred in the Philippines in 1954, 
1956, and 1968; cases of chikungunya fever were di¬ 
agnosed among US Peace Corps volunteers in the 
Philippines in 1986." Two large epidemics have been 
documented in Thailand in 1988 and 1995. 100 

Serosurveys for chikungunya virus in Ibadan, Ni¬ 
geria, from 1970 to 1974 indicated a seroprevalence of 
less than 10% in children younger than 1 year of age 
that increased to 75% by the time the children were 
10 to 15 years old. There was an overall seroprevalence 
of 50% for all ages. 101,102 In Burma, seroprevalence of 
chikungunya virus antibody ranged from 38.4% in the 
state of Magwe to 97.7% in Rangoon. 103 

Pathogenesis and Clinical Findings 

Human illness from chikungunya occurs after an 
incubation period of 2 to 4 days, heralded by the 
abrupt onset of fever and followed in 3 to 5 days by a 
lymphadenopathy and a generalized maculopapular 
rash affecting the trunk, limbs, palms, and soles of 
the feet. 104 A biphasic, saddleback fever can occur and 
be followed by the development of arthralgia, which 
becomes a prominent symptom that distinguishes 
chikungunya fever clinically from dengue fever. Other 
symptoms include headache, backache, conjunctivi¬ 
tis, and retro-orbital pain. The mortality rate from 
chikungunya is low, and long-term complications 
rare. In a study of 107 patients diagnosed with 
chikungunya 3 years previously, 87.9% fully recov¬ 
ered, 3.7% experienced occasional stiffness, 2.8% had 
persistent residual joint stiffness, and 5.6% had per¬ 
sistent joint pain and stiffness with effusion. 105 

Diagnostic Approaches 

Chikungunya has a higher frequency of rash, 
conjunctival injection, and arthralgias than dengue 
fever, and chikungunya's fever ends 2 days earlier 
than dengue's. 98,104 Chikungunya can manifest hem¬ 
orrhagic signs (eg, a positive tourniquet test, pete- 
chiae, epistaxis) but not the coagulopathy and shock 


syndrome typical of dengue hemorrhagic fever and 
shock syndrome. Diagnosis of chikungunya is by 
viral isolation or serology with complement fixa¬ 
tion or neutralization assays. An enzyme-linked 
immunosorbent assay to immunoglobulin M has 
been developed that has a high degree of sensitiv¬ 
ity and specificity. 106 

Recommendations for Therapy and Control 

Treatment of this disease is primarily supportive, 
and convalescence can be prolonged. A live, attenu¬ 
ated vaccine for chikungunya virus that produces vi¬ 
ral-neutralizing antibodies has been shown to be 
safe. 97 Currently not licensed, it is available at the US 
Army Medical Research Institute for Infectious Dis¬ 
ease. Vector control of this disease involves eliminat¬ 
ing the breeding sites for the mosquito and active 
spraying, as well as personal protective measures. 

O'nyong-nyong 

Introduction and Military Relevance 

O'nyong-nyong was first described in a large 
epidemic occurring between 1959 and 1962 that 
started in northwestern Uganda and spread to 
Kenya, Tanzania, and Zaire; an estimated 2 mil¬ 
lion people were infected. 98,107 Cases also oc¬ 
curred in the Central African Republic in 1964 
and 1965. 98 In June 1996, a disease suspected to 
be o'nyong-nyong fever was recognized in the 
Rakai district of southwestern Uganda that 
spread into the neighboring Mbarara and Masaka 
districts and in the bordering Bukoba district of 
northern Tanzania. This was confirmed as 
o'nyong-nyong virus and documented the first 
major outbreak of o'nyong-nyong in southwest¬ 
ern Uganda after an absence of 35 years. 108 

Description of the Pathogen 

O'nyong-nyong virus is in the family Togaviridae, 
genus Alphavirus, and closely related to the 
chikungunya virus. 

Epidemiology 

O'nyong-nyong virus has been isolated from the 
mosquitoes An fu nest us and An gambiae, suggest¬ 
ing these as the principle vector for transmission to 
humans. 109 O'nyong-nyong is widely distributed 
throughout Africa; serosurveys demonstrate anti¬ 
body prevalence to o'nyong-nyong virus in Malawi, 
Mozambique, and Senegal. 98 
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Pathogenesis and Clinical Findings 

Clinical illness from o'nyong-nyong occurs after 
an incubation period of more than 8 days and is 
characterized by the sudden onset of fever (which 
can be saddleback in character), headache, and se¬ 
vere arthralgia. 98 A viral exanthem can occur, which 
can be papular or maculopapular. Lymphadenopa- 
thy, conjunctivitis, photophobia, myalagias, apht¬ 
hous stomatitis, anorexia, and epistaxis are other 
clinical features of this disease. Fever can last for 
up to 5 days and arthralgia, weakness, and mental 
depression can be prolonged. No fatalities from this 
disease have been documented. 

Diagnostic Approaches 

Laboratory diagnosis is by viral isolation. Sero¬ 
logic confirmation can be made with standard meth¬ 
ods; neutralization assays have the greatest speci¬ 
ficity. Clinical differentiation from dengue may be 
made on the basis of joint involvement and absence 
of hemorrhage or shock syndrome. 

Recommendations for Therapy and Control 

Similar to chikungunya, treatment of this disease 
is primarily supportive, and convalescence can be 
prolonged. Vector control and personal protective 
measures are the principle means of controlling dis¬ 
ease transmission. 

Sindbis and Sindbis-like Viral Infections 
Introduction and Military Relevance 

Sindbis virus was isolated from Cidex mosqui¬ 
toes in 1952 in the village of Sindbis, Egypt. 
Sindbis and viruses similar to Sindbis, termed 
Sindbis-like, were later reported in parts of Eu¬ 
rope, Asia, Africa, and Australia. The potential 
for causing epidemics in humans was docu¬ 
mented during large outbreaks of Sindbis and 
Sindbis-like viral infections in South Africa in 
1974, as well as outbreaks in Sweden, Finland, 
and the Soviet Union from 1981 to 1984. 110 

Description of the Pathogen 

Sindbis and Sindbis-like viruses are RNA viruses 
in the Togaviridae family of the genus Alphavirus; 
antigenically, they are in the western equine en¬ 
cephalitis complex of viruses. 81 


Epidemiology 

Sindbis virus has been isolated from a number 
of mosquito genera, including Cidex, Anopheles, and 
Aedes . 81,111 Virus has been isolated from a number 
of different birds, suggesting the environmental 
maintenance of this virus in avian species, with 
transmission by mosquitoes into humans. 

Sindbis-like infection in Sweden, Finland, and the 
former Soviet Union occurs between the 60th and 
64th parallels, with human infection occurring from 
late July into September and peak incidence in Au¬ 
gust. It is known by a variety of names (eg, Ockelbo 
disease, Pogosta disease, Karelian fever). 112 In South 
Africa, the virus occurs throughout the country, and 
high infection rates are seen after greater-than-nor- 
mal rainfall or flooding. 113 In other parts of Africa, 
antibody prevalence is associated with regions at¬ 
tracting migratory bird populations. 

Human infection as described in previous out¬ 
breaks occurs primarily in adults between the ages 
of 30 to 60 years; males are equally at risk for infec¬ 
tion as females. Forest exposure is a risk factor for 
infection. 

Pathogenesis and Clinical Findings 

The symptoms of Sindbis and Sindbis-like viral 
infection occur after an incubation period of less 
than 1 week and include fever, headache, malaise, 
joint pain, and a maculopapular rash over the trunk 
and limbs with occasional vesicles. 112 Severe debili¬ 
tating arthralgias can occur involving, in descend¬ 
ing frequency, ankles, wrist, knees, hips, and fin¬ 
gers. The arthralgias can last for up to 3 years. 
Nonpruritic rash and fever can occur for up to 2 to 
3 weeks. No deaths from this infection have been 
reported. 

Diagnostic Approaches 

Diagnosis is made by viral isolation and serology 
(eg, enzyme immunoassay, neutralization titers). 

Recommendations for Therapy and Control 

Similar to other viruses presented here, treatment 
of this disease is primarily supportive and conva¬ 
lescence can be prolonged. Clinical distinction of 
this disease from dengue can be made on the de¬ 
gree of joint involvement, the production of skin 
vesicles in Sindbis infection but not dengue, and 
the absence of hemorrhage or shock as can be seen 
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in dengue hemorrhagic fever. Vector control and 
personal protective measures are the principle 
means of controlling disease transmission. 

Ross River Disease 

Introduction and Military Relevance 

Ross River disease, clinically known as epidemic 
polyarthritis, can produce large outbreaks of rash, fe¬ 
ver, and severe polyarthritis. The first report of epi¬ 
demic polyarthritis was made in 1928 at Narrandera 
in New South Wales, Australia. The virus was subse¬ 
quently isolated from a pool of Ae vigilax mosquitoes 
in 1963 near the Ross River at Townsville, Australia. 
Ross River virus infection is endemic in Queensland, 
where approximately 300 to 600 cases are diagnosed 
each year. It has potential to produce large epidemics 
in other parts of Australia, such as southwest West¬ 
ern Australia and the Murray-Darling River basin. 
Epidemics have been reported outside of Australia in 
Papua New Guinea, the Solomon Islands, American 
Samoa, Cook Island, Fiji, and New Caledonia. 114 

Description of the Pathogen 

Ross River virus is in the family Togaviridae, ge¬ 
nus Alphavirus. It is in the antigenic complex of the 
Semliki Forest viruses, Getah serogroup. 115 

Epidemiology 

Ross River virus is endemic in Australia and 
causes periodic epidemics. The yearly incidence of 
epidemic polyarthritis in Queensland is 23.6 cases 
per 100,000 residents. Clinical manifestations of 
polyarthritis after infection vary between areas that 
are endemic for disease versus areas that experience 
epidemics. The incidence of clinical to subclinical 
infection is estimated to be 1:80 in an endemic area 
and 1:0.4 in an epidemic area. Ross River virus oc¬ 
curs year-round in central and northern Queensland 
and during March to June following the summer 
rains throughout the rest of Australia. The disease 
occurs most commonly in adults aged 20 to 50 years. 
Urban-dwelling housewives are more commonly 
diagnosed with epidemic polyarthritis. There is a 
positive association between clinical infection and the 
haplotype HFA-DR7, though no particular ethnic 
group is at higher risk for infection. 115 

Ross River virus has been isolated from a number 
of different genera of mosquitoes during the times of 
outbreaks, suggesting that the mosquito is the major 


vector of this disease. The virus has been isolated in 
Australia from Cx annulirostris, Ae vigilax, Ae 
normanensis, Ae notoscriptus, An amictus, Mansonia 
uniformis, and Cx liniealis and in the Cook Islands from 
Ae polynesiensis. 115 During the 1994 outbreak in sub¬ 
urban Brisbane, Ross River virus was isolated from 
Cx annulirostris, Cx sitiens, Ae notoscriptus, Ae procax, 
Aefunereus, Ae vigilax, and Ae alternans. These are peri- 
domestic mosquitoes that breed in fresh and brackish 
water and may be important during suburban out¬ 
breaks. 116 A large number of vertebrate hosts have 
antibody to Ross River virus, including cattle, horses, 
sheep, kangaroos, and wallabies, as well as domestic 
and native birds. None of these vertebrate hosts de¬ 
velop clinical disease nor have any been implicated 
as a zoonotic reservoir for this virus. This suggests 
that humans are the principle reservoir during out¬ 
breaks, and overwintering of the virus within mos¬ 
quitoes is the cause for subsequent seasonal disease. 115 

Within the past decade, there have been several 
large outbreaks of Ross River disease in Australia, 
raising concerns that the epidemiology of this disease 
might be changing. From July 1990 to June 1991, there 
were 368 cases of epidemic polyarthritis in the North¬ 
ern Territory of Australia. 117 The epidemic started in 
September and peaked in January, with the highest 
attack rates occurring in the rural areas and among 
those 30 to 34 years old. The cause of the outbreak 
was attributed to higher-than-normal rainfalls and the 
resultant increase in the mosquito vector. In 1995 to 
1996, 540 serologically confirmed cases of Ross River 
disease were reported in the southwest region of West¬ 
ern Australia. 118 The areas affected were coastal towns 
and communities in semirural areas and suburbs close 
to major cities. The changing epidemiology of Ross 
River virus was examined in a longitudinal question¬ 
naire-based survey of notified cases. 119 The distribu¬ 
tion of the disease has changed over time and new 
areas identified, including the lower Yorke Peninsula, 
the Flinders Ranges, and metropolitan Adelaide. 
Symptom severity and duration has increased with 
recent outbreaks; clinical cases have had a higher fre¬ 
quency of lethargy, tiredness, and arthritis than in past 
outbreaks and symptoms have persisted 15 months 
after infection. 

Pathogenesis and Clinical Findings 

Clinical infection from Ross River virus occurs 7 
to 9 days after the bite of an infected mosquito, 
though a period of up to 21 days has been re¬ 
ported. 120 Arthralgia, arthritis, myalgia, fatigue, and 
fever characterize Ross River virus disease. Head- 
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ache, photophobia, lymphadenopathy, and sore 
throat may occur as well. Rash occurs in over half 
of clinically ill patients and can occur 11 to 15 days 
after the onset of arthritis. The rash occurs mainly 
on the limbs and trunk and is maculopapular but 
not vesicular in character. Joint involvement is the 
most common clinical feature and can occur in up 
to 98% of clinically ill patients; more than half have 
joint pain lasting greater than 6 months, with some 
patients experiencing arthritis up to 15 months af¬ 
ter infection. 119,120 The rash associated with Ross 
River virus disease is the result of a cell-mediated 
immune response to viral antigen within the skin, 115 
and laboratory evidence suggests that antibody- 
dependent enhancement and persistence of virus 
within macrophages may be a cause of the arthritis. 121 

Diagnostic Approaches 

Ross River virus infection can be diagnosed by 
viral isolation or through molecular techniques such 
as polymerase chain reaction. Documenting a 4-fold 
rise in antibody titer by hemagglutination inhibition 
assay, neutralization titers, or enzyme immunoassay 
will establish a case of acute Ross River virus infection. 
An IgM enzyme immunoassay can detect acute 
cases, though IgM to Ross River virus may persist 
for months to years. 120 Individuals may develop 
secondary Ross River viral infection as detected by 
rising antibodies, but this is not associated with 
clinical disease. 115 The clinical differentiation of Ross 
River virus disease from dengue can be made on 
the basis of the occurrence and persistence of ar¬ 
thritis and the absence of hemorrhage or shock. 

Recommendations for Therapy and Control 

Therapy for Ross River disease is supportive, 
with antiinflammatory drugs providing relief from 
the joint pain. 120 The utility of steroids in relieving 
joint pain has not been established. Prevention and 
control of epidemics involve vector control of the 
mosquito and personal protective measures. A can¬ 
didate killed-virus vaccine against Ross River vi¬ 
rus infection is being developed that has shown 
immunogenicity in mice. 122 Human efficacy stud¬ 
ies have not been performed with this vaccine. 

West Nile Fever 

Introduction and Military Relevance 

West Nile virus was first isolated in the West Nile 


province of Uganda in 1937. Outbreaks of West Nile 
disease described in Israel in 1950 involved more 
than 500 hospitalized patients. Outbreaks recurred 
each year in Israel from 1951 to 1954 and in 1957. 123 
The largest recorded epidemic of West Nile disease, 
involving several thousands of cases, occurred in 
the Karoo and southern Cape Province of South 
Africa in 1974. A subsequent South African epi¬ 
demic in the Witwatersrand-Pretoria region oc¬ 
curred from 1993 to 1994, with cocirculation of 
Sindbis virus as a cause of encephalitis. 124 

Description of the Pathogen 

West Nile virus is in the family Flaviviridae, ge¬ 
nus Flavivirus. West Nile virus is in the antigenic 
complex that includes these viruses: Japanese en¬ 
cephalitis virus, St. Louis encephalitis virus, Murray 
Valley encephalitis virus, Kunjin, Usutu, Kokobera, 
Stratford, Alfuy, and Koutango. 123 

Epidemiology 

Clinical disease from West Nile virus has been 
reported from countries within Europe, the former 
Soviet Union, Africa, Southwest Asia, and most re¬ 
cently the eastern United States. 123,125 A serologic 
survey of West Nile virus in Ibadan, Nigeria, re¬ 
vealed an overall seroprevalence rate of 40% in 304 
human sera tested. 126 Both sexes were equally likely 
to be positive, and there was a higher prevalence in 
adults as compared to children. In 1990, a serosurvey 
in Madagascar of 3,177 children between the ages 5 
to 20 years revealed an overall seroprevalence rate 
of 30% to West Nile virus. 127 Seroprevalence rates 
of West Nile antibody have been reported to be 55% 
in Karachi, Pakistan, 128 and 32.8% from residents of 
the Chiniot and Changa Manga National Forest areas 
of Punjab Province, Pakistan. 129 The cocirculation 
of Japanese encephalitis and West Nile viruses in 
fatal cases of encephalitis was observed in the Kolar 
district of Karnataka, India. 130 The first major West 
Nile virus epidemic in Romania occurred in 1996 
and was characterized by high rates of neurologic 
complications. 131 During this epidemic, the highest 
incidence of disease occurred in Bucharest (12.4/ 
100,000), followed by the surrounding districts near 
Bucharest (1.1-10/100,000). In 835 patients admit¬ 
ted to hospitals with suspected central nervous sys¬ 
tem infections, 92% met the case's definition for 
West Nile viral infection, and serologic confirma¬ 
tion was obtained in 352 (80%). 

The recent introduction of West Nile virus into 
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the United States is an example of the continued 
spread and emergence of the virus into areas previ¬ 
ously not thought to be at risk. Since its initial in¬ 
troduction into the New York City area in August 
1999, the geographic range of West Nile virus had 
increased by the end of 1999 to include Connecti¬ 
cut, Maryland, New Jersey, and upstate New York 
and there were over 60 cases of clinical encephalitis. 132 
By the end of the year 2000, West Nile virus was 
detected in the northeastern United States extend¬ 
ing into Maryland and the District of Columbia. 

West Nile virus has been isolated only from mos¬ 
quitoes and ticks. 123 Mosquito species include Cx 
antennatus, Cx pipiens, Cx univittatus, Cx perexiguus, 
Ae caballus, Ae circulateolus, Ae africanus, An coustani, 
and An maculipennis. Tick species include Argas 
hermanni, Hyalomma asiaticum asiaticum, and Orni- 
thodoros capensis. Cx univittatus was the primary 
arthropod source of West Nile virus isolation dur¬ 
ing clinical disease in Egypt and South Africa. In 
southwest Asia, Cx vishnui complex mosquitoes, 
which include Cx tritaeniorhynchus, Cx vishnui, and 
Cx psuedovishnui, were the primary sources of vec¬ 
tor viral isolation. 115 Mosquito surveys and viral iso¬ 
lation during the 1996 Romanian outbreak revealed 
Cx pipiens as the predominant mosquito species in 
Bucharest. West Nile viral isolation from mosquito 
pools were all from Cx pipiens at a minimum infec¬ 
tion rate of 0.3 /1,000 mosquitoes. 131 Ticks have not been 
associated with human disease transmission, and 
the tick's role in the maintenance or spread of dis¬ 
eases has not been elucidated. 115 Transmission in the 
New York city area and the eastern United States is 
thought to be primarily by Cx pipiens mosquitoes. 133 

Many vertebrate species have been found to carry 
antibody to West Nile virus, but only wild birds 
have been consistently implicated as important 
hosts in its transmission cycle. Antibody rates of 
40% among domestic and wild birds were found in 
Egypt and 12% in South Africa. 115 In Romania, anti¬ 
body seroprevalence was 41% in domestic fowl and 
8% in wild birds. 131 

The transmission of West Nile virus occurs in two 
cycles, a sylvatic cycle and an urban cycle. The vi¬ 
rus is spread and maintained by migratory birds 
from Africa and the Middle East. Infected migra¬ 
tory birds then establish a sylvatic cycle, in which 
virus is maintained and spread by Cx modestus, a 
bird mosquito. Eventually the urban bird popula¬ 
tion becomes infected, and Cx pipiens becomes the 
primary arthropod vector. An urban cycle is then 
established, resulting in an epidemic of human clini¬ 
cal disease with humans as the dead-end host and 


urban birds as the reservoir of the virus. 131 Based 
on the US experience, black crows have been particu¬ 
larly susceptible to the effects of West Nile virus and 
have demonstrated a high mortality on infection. 134 
Gross hemorrhage of the brain, splenomegaly, men¬ 
ingoencephalitis, and myocarditis were the most 
prominent lesions. 

Because of the migration of infected birds and the 
mosquito breeding cycle. West Nile viral infection 
follows a seasonal pattern, with highest transmission 
activity during the summer months in temperate 
areas. In Egypt, the highest monthly activity oc¬ 
curred from June to September. In Israel, peak num¬ 
bers of cases occurred in August to September. In 
South Africa, outbreaks of human disease occurred 
during the summer months of December through 
April. 115 The Romanian outbreak demonstrated a 
peak incidence of clinical disease between August 
and September. 131 

Pathogenesis and Clinical Findings 

Age does not appear to be important for acquiring 
infection from West Nile virus, but age is an impor¬ 
tant determinant of clinical manifestation. Most cases 
of infection in children are asymptomatic. 115 Symp¬ 
tomatic West Nile viral infection is characterized by 
the rapid onset of fever that lasts for 5 to 6 days. Other 
symptoms include malaise, frontal headache, muscle 
pain, lymph node enlargement, and a maculopapu- 
lar rash. Convalescence may last 1 to 2 weeks. Neuro¬ 
logic involvement is the most severe manifestation of 
West Nile viral infection, and the age of the patient 
correlates to the severity of neurologic disease. During 
the Romanian outbreak, there was a large proportion 
of neurologic cases: 40% had a diagnosis of meningitis, 
44% had meningoencephalitis, and 16% had encepha¬ 
litis. The onset of disease was abrupt in these cases, 
with 91% having fever, 77% acute headache, 57% neck 
stiffness, 53% vomiting, and 34% confusion. The pre¬ 
dominant signs in patients with encephalitis were dis¬ 
orientation, disturbed consciousness, and generalized 
weakness. 131 Other neurologic manifestations include 
ataxia, hyptonia, hyperreflexia, extrapyramidal signs, 
cranial nerve palsies, and seizures. Coma developed 
in 13% of cases. Case fatality increased with increasing 
age. No fatalities were observed in patients younger than 
50 years, a 3.4% case-fatality rate in those 50 to 59 years 
old, a 4.3% rate in those 60 to 69 years old, and a 14.7% 
rate in those older than 70. Among cases of West Nile 
virus encephalitis in the United States, a mean age of 
81.5 years was observed, with common clinical mani¬ 
festations of fever and muscle weakness. 135 
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Diagnostic Approaches 

The clinical differentiation of West Nile virus in¬ 
fection from dengue can be made on the basis of 
the neurologic manifestations and absence of 
hemorrhage or shock. The differentiation will be dif¬ 
ficult for milder cases of West Nile infection and 
for dengue cases that may manifest neurologic in¬ 
volvement. Diagnosis of West Nile infection may be 
made using viral isolation during the acute period 
or viral detection by polymerase chain reaction. 136 
Serologic diagnosis can be made by demonstrating 
a high antibody titer on convalescence or a 4-fold 
rise in antibody titer by hemagglutination inhibi¬ 
tion assay or neutralization titer. Detection of IgM 
or IgG by enzyme immunoassay can also be per¬ 
formed. Antibody to West Nile virus can cross-re- 

YELLOW 

Introduction and Military Relevance 

Yellow fever is a viral zoonosis maintained in 
nature in monkeys. Humans are an incidental host. 
The disease was named for the icterus that is 
frequently present during the illness. Yellow fever 
occurs in a sylvan, or jungle, pattern and in an urban 
pattern. Jungle yellow fever is transmitted by arboreal 
mosquitoes among forest-dwelling monkeys. Human 
cases occur through incidental contact in the forest 
with these infected mosquitoes. Urban outbreaks 
occur when urban-breeding mosquitoes transmit the 
disease from one infected human to another. 


act to any of the other flaviviruses, including Japa¬ 
nese encephalitis virus, St. Louis encephalitis virus, 
and dengue virus. Attempts to confirm clinical cases 
by viral isolation or polymerase chain reaction 
should be made in areas that are also endemic for 
other flaviviruses. 

Recommendations for Therapy and Control 

Therapy for West Nile viral disease, including 
encephalitis, is supportive. There is no literature to 
support the use of steroids in the encephalitis associ¬ 
ated with West Nile infection. Control of this disease 
is similar to other previously discussed arbovi¬ 
ruses—vector control through the use of spraying 
and personal protective measures. 

[Timothy P. Endy] 

FEVER 

Much of the information here on yellow fever is 
contained in several excellent reviews on the disease 
(Exhibit 35-1). Yellow fever was first described as a 
specific entity in the 1700s. This "bilious fever" was 
confused with malaria, leptospirosis, and typhoid fe¬ 
ver and was thought to be a contagious disease trans¬ 
mitted by miasmas or fomites. Dr. Carlos Findlay pro¬ 
posed the theory of mosquito transmission in 1881. 137 
During the Spanish-American War (April-December 
1898), the US Army recorded 1,169 cases of yellow 
fever, and in 1899 the mortality rate was recorded at 
21%. 37 US Army Major Walter Reed, working in Cuba 
in 1900 as president of the Yellow Fever Commission, 


EXHIBIT 35-1 

RECOMMENDED REVIEWS OF YELLOW FEVER 


• Meegan JM. Yellow fever. In: Beran GW, Steele JH, eds. Handbook of Zoonoses, Section B: Viral. 2nd ed. 
Boca Raton, Fla: CRC Press; 1994:111-124. An excellent review article. 

• Monath TP. Yellow fever. In: Monath TP, ed. The Arboviruses: Epidemiology and Ecology. Vol 5. Boca 
Raton, Fla: CRC Press; 1989: Chap 51. A fine treatment of the epidemiology of the disease. 

• Monath TP. Yellow fever: A medically neglected disease; report on a seminar. Rev Infect Dis. 1987;9:165- 
175. A thorough treatment of current clinical and therapeutic matters. 

• Monath TP. Yellow fever: Victor, Victoria? Conqueror, conquest? Epidemics and research in the last 
forty years and prospects for the future. Am ] Trop Med Hyg. 1991;45:1-43. A detailed monograph of 
the history of yellow fever from 1951. 

• Monath TP, Heinz FX. Yellow fever virus. In: Fields BN, Knipe DM, Howley PM, eds. Virology. 3rd ed. 
Philadelphia: Lippincott-Raven; 1995: 1009-1016. An excellent review article. 

• Strode GK, ed. Yellow Fever. New York: McGraw-Hill; 1951. The definitive book on the history of yel¬ 
low fever and state of knowledge up to 1951. 
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observed the absence of person-to-person transmis¬ 
sion between patients and the nurses caring for them. 
He disproved the popular theory of fomite transmis¬ 
sion by housing nonimmune volunteers in a closed 
room with soiled linens and clothes from yellow fe¬ 
ver patients. None of the volunteers became ill. Reed 
then demonstrated mosquito transmission by allow¬ 
ing Aedes aegypti mosquitoes that had fed on yellow 
fever patients to feed on nonimmune volunteers. Of 
12 volunteers, 10 developed yellow fever. Two vol¬ 
unteers in the same room but separated by a wire 
screen from the infected mosquitoes did not develop 
yellow fever. 

Reed determined the extrinsic incubation period 
of yellow fever when he observed that a mosquito 
could not transmit the disease until 12 days after it 
fed on a yellow fever patient. Reed later showed that 
yellow fever was caused by a "filterable" agent in the 
serum of patients. 138 When volunteers were injected 
subcutaneously with blood obtained from yellow fe¬ 
ver patients, 6 of 7 individuals developed the disease. 
Filtered, bacteria-free serum from a patient, when in¬ 
oculated into a volunteer, produced yellow fever. 
Blood from this second patient, when inoculated into 
a third volunteer, again produced yellow fever. Reed 
documented the period between exposure to infected 
mosquitoes or blood inoculation to the onset of symp¬ 
toms, the intrinsic incubation period, to be 2 to 6 days. 

In February 1901, US Army Major William 
Gorgas, chief sanitary officer in Havana, instituted 
measures to control yellow fever based on the find¬ 
ings of Reed's Yellow Fever Commission. By Sep¬ 
tember 1901, yellow fever was eradicated in Havana 
(See Figure 2-16 in Volume 1). 

Yellow fever was originally thought to be an ur¬ 
ban disease of humans transmitted only by A 
aegypti, an urban-breeding mosquito. However, in 
South America rural epidemics were reported 
where A aegypti was not present. In 1932, jungle 
yellow fever transmitted by forest-breeding mosqui¬ 
toes was documented. Dynamic mosquito-primate 
enzootic transmission, composed of wandering epi¬ 
zootic foci in susceptible monkey populations in 
South America, was finally documented in the early 
1940s. A similar jungle cycle was described in Af¬ 
rica during the same period. 139 

Yellow fever epidemics were common in Africa and 
the Americas through the 17th, 18th, and 19th centu¬ 
ries. Because the disease was thought to be contagious, 
fear intensified the social disruption caused by the 
epidemics. During the summer, epidemics occurred 
along the eastern US seacoast as far north as Boston. 
Philadelphia had 20 reported epidemics. In 1878, an 
epidemic in the Mississippi Valley caused an esti¬ 


mated 13,000 deaths. The last US epidemic was in 1905 
in New Orleans with 5,000 cases and 1,000 deaths. In 
Central and South America, vaccination and A aegypti 
control in the 1940s eliminated urban yellow fever, 
and since then yellow fever incidence has depended 
on fluctuations in the jungle cycle. 140 Long-term con¬ 
trol has been less successful in Africa. In the 1940s in 
French West Africa, a mandatory yellow fever immuni¬ 
zation program was initiated, resulting in control of the 
disease. The program was abandoned in 1960 and yel¬ 
low fever reemerged in the area. In English-speaking 
African countries, control attempts were limited to 
mass local vaccination campaigns in response to epi¬ 
demics, and epidemics have continued to occur. 139 

Description of the Pathogen 

The yellow fever virus is a single-strand, positive 
sense RNA virus. It is the first virus characterized 
of the family later named after it —Flaviviridae (from 
flavus, Latin for yellow). This family includes the 
viruses that cause dengue fever, Japanese encephalitis, 
St. Louis encephalitis, and tickborne encephalitis. 
Nucleotide sequencing has identified three geographic 
topotypes: West Africa (E-genotype IA), America (E- 
genotype IB), and Central/East Africa (E-genotype 
II). 141142 No difference in human pathological 
response has been noted between yellow fever from 
South America or Africa. 

Antigenic differences exist among yellow fever vi¬ 
rus isolates, and some geographic distinctions have 
been made. 141 Virus isolates from different sources in 
the same geographic region appear genetically homo¬ 
geneous and stable over time. 143 All yellow fever 
strains have been cross-reactive in neutralization 
tests. 144 There is a close antigenic relationship between 
yellow fever virus and other flaviviruses found in 
Africa; some cross-protection is apparent. In monkeys, 
previous infection with some group B arboviruses was 
partially protective against subsequent experimental 
yellow fever virus infection. 145,146 In a yellow fever 
outbreak in the Gambia, the ratio of inapparent to 
apparent yellow fever infections was 10 times greater 
in patients with serologic evidence of a prior flavivirus 
infection than in the patients with no prior flavivirus 
infection (22:1 vs. 2:1). 147 

Epidemiology 

Transmission 

Yellow fever is transmitted only by mosquitoes, 
not by contact or fomite. In the Americas and in 
Africa, person-to-person yellow fever is transmit- 
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Fig. 35-10. Yellow fever transmission cycles in Africa. 
Reprinted from: Monath TP. Yellow fever: Victor, 
Victoria? Conqueror, conquest? Epidemics and research 
in the last forty years and prospects for the future. Am } 
Trop Med Hyg. 1991;45:30. With permission of the Ameri¬ 
can Journal of Tropical Medicine and Hygiene. 


ted primarily by A aegypti mosquitoes. In South and 
Central America, jungle yellow fever is transmit¬ 
ted by Haemagogus species mosquitoes. In Africa, 
jungle yellow fever is transmitted by A africanus and 
five other Aedes species. 139 In addition, A africanus 
can sustain human epidemics. 148 These transmission 
cycles are shown in Figure 35-10. A mosquito found 
in Asia but introduced into the Americas in the 
1980s, A albopictus, has been shown in experiments 
to be capable of transmitting yellow fever and is a 
potential vector for epidemic transmission. 149 There 
is no evidence for transmission by Culex species 
mosquitoes. Amblyomma ticks in Africa have been 
shown to harbor yellow fever virus, but their role 
in transmission has not been defined. 140,141 

Blood from a yellow fever patient is infective for a 
mosquito shortly before the onset of the human's fever 
and up to 5 days afterward. The virus incubates in 
the mosquito for 9 to 12 days (the extrinsic incubation 
period), after which the mosquito remains infected 
for life. There is evidence that yellow fever virus can 
be transmitted transovarially in mosquitoes in 
Africa. 150 This, along with the prolonged survival of 
adult mosquitoes, may account for maintenance of the 
virus during the dry season. 

In the rain forest, vector mosquitoes (A africanus 
in Africa, Haemagogus species in South America) 
remain high in the tree canopy. Humans do not 
often come in contact with these mosquitoes unless 
the trees are being or have recently been cleared. In 
less-dense forests in climates with dry seasons, 
these mosquitoes are more active at ground level. 


Biting intensity is high during the wet season and 
nearly absent during the dry season. A aegypti 
mosquitoes breed in areas of human habitation and 
bite during the day. As a result, human contact with 
these mosquitoes is almost constant. 

In Africa, yellow fever patterns depend on 
vegetation and rainfall patterns, which influence 
the population of mosquitoes and primate hosts. 
The equatorial rain forest of West Africa is a zone 
of low-level enzootic transmission. The sur¬ 
rounding zone of forest and savannah with cyclic 
rainy and dry seasons can sustain high trans¬ 
mission rates because of its abundant vector and 
primate populations. A high level of jungle 
transmission may occur without human cases if 
the human population is small or there is a high 
prevalence of vaccine-induced immunity. The 
junction of mixed savannah-forest and savannah 
is the "emergence zone" that allows the annual 
sylvatic amplification of the virus during the 
rainy season and repetitive infections in the 
human population living in the area. 141 Most 
outbreaks in sub-Saharan Africa occur during the 
late rainy season and the early dry season 
(September to December), although an urban 
outbreak occurred in 1987 in western Nigeria 
during the late dry season (April to May). This 
outbreak was thought to be due to high concen¬ 
trations of domestic A aegypti mosquitoes and an 
earlier sylvatic outbreak nearby. 148 In the tropics 
of the Americas, the incidence of jungle yellow 
fever is highest during the months with the 
greatest rainfall: January to March. 141 

In urban areas or the savannah areas with a 
prolonged dry season, sylvatic mosquito populations 
are too low to sustain a sylvatic maintenance cycle. 
Therefore transmission to humans is absent and the 
prevalence of immunity in humans is low. These 
regions have the highest risk for epidemic (urban) 
yellow fever. 

Sylvatic yellow fever transmission may be a 
"wandering epizootic" because the monkeys that 
survive infection are immune for life. In South 
American primates, several species develop fatal 
infection and several years are necessary for the 
population to redevelop. In Brazil, yellow fever 
appeared in monkeys every 7 to 10 years, an interval 
similar to that found for human yellow fever in that 
country. Few African primate species develop fatal 
infection. Because the primate population is not 
decimated, a larger population of susceptible 
individuals can accumulate in a shorter time and 
may account for the shorter interval between 
periods of yellow fever typical in Africa. 140 
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Fig. 35-11. The Yellow Fever Endemic Zones in Africa (a) and the Americas ( b). 

Reprinted with permission from: World Health Organization. International Travel and Health: Vaccination Requirements 
and Health Advice. Geneva: WHO; 1996; 14, 15. 


Geographic Distribution 

Yellow fever occurs in tropical areas of Central 
and South America and from 15° North latitude to 
10° South latitude in Africa (Figure 35-11). In South 
America, 95% of yellow fever cases occur in the rain 
forests of Peru, Bolivia, Colombia, and Brazil. Since 
the last urban case of yellow fever occurred in 
Trinidad in 1954, all this transmission had been for¬ 
est-related. 140 A aegypti populations have expanded 
in South and Central America since the early 1980s, 
creating potential for the recurrence of urban epi¬ 
demics, and urban cases have recently been re¬ 
ported in Bolivia. 151 For reasons that are not clear, 
yellow fever is absent in Asia, despite the wide¬ 
spread distribution of A aegypti mosquitoes there. 

Incidence 

The age distribution of yellow fever patients depends 
on the prevalence of immunity in the population 
from prior epidemics and vaccination campaigns. 
In urban yellow fever in endemic areas the greatest 
incidence is in children; they account for up to 73% 
of cases. Jungle yellow fever in the Americas is most 


common in young adults, due to occupational ex¬ 
posures. Yellow fever incidence from 1986 to 1990 
was the highest reported to the World Health Or¬ 
ganization (WHO) since official reporting began in 
1948, with 17,728 cases worldwide and 4,710 deaths; 
16,782 of the cases were in Africa. 139 

Pathogenesis and Clinical Findings 

Most of the knowledge of the pathogenesis of 
yellow fever is based on findings in experimentally 
infected rhesus monkeys. 152 Virus in the saliva of the 
infected mosquito replicates in cutaneous tissues of 
the animal at the site of inoculation and in local lymph 
nodes. The virus then spreads hematogenously to the 
liver, spleen, bone marrow, and cardiac and skeletal 
muscle. The liver is the primary organ affected, and 
hepatocellular injury is due to the direct effect of the 
replicating virus. Replication is in the cytoplasm, with 
release of particles by cell lysis. Inflammation is 
minimal or absent. Hepatic histopathology shows 
swelling and coagulative necrosis of hepatocytes but 
inflammatory cellular infiltrates are minimal. 
Histopathologic findings are not specific for yellow 
fever, and liver biopsy is contraindicated because of 
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the high risk of hemorrhage. After recovery from 
yellow fever, there is no evidence of residual 
damage. 153 Renal glomerular changes are mild and the 
cause is unclear. Renal injury appears to be due to 
prerenal impairment with subsequent acute tubular 
necrosis. 152,154,155 The virus appears to injure the 
myocardium directly, but there is no evidence of direct 
viral injury to the brain 155 or the lung. 153 Subsequent 
clinical complications result from liver, renal, and 
cardiac dysfunction and may include acute renal 
failure, acidosis and shock, myocarditis, disseminated 
intravascular coagulation (DIC) and hemorrhage, 
and encephalopathy. 

Yellow fever is an illness of acute onset, short 
duration, and variable severity. The clinical course 
has been divided into three phases: infection, 
remission, and intoxication. The onset of yellow 
fever, the period of infection, is characteristic but 
not specific for yellow fever. Symptoms appear after 
an incubation period of 3 to 6 days, and a prodrome 
is usually absent. Usual manifestations include the 
abrupt onset of fever, headache, myalgia, lumbosacral 
pain, nausea, malaise, and weakness. During this 
phase, the patient is viremic and infectious to 
mosquitoes. Associated findings include appre¬ 
hension, an initial rapid, bounding pulse followed 
by a relative bradycardia (Faget's sign), conjunctival 
suffusion, flushing of the head and neck, reddening 
of the edges of the tongue, minor gingival hemor¬ 
rhage, and occasional epistaxis. This first phase lasts 
approximately 3 days. In abortive infections, these 
symptoms resolve and the patient recovers. In the 
mildest infections, the patient may have nothing 
more than a transient fever and headache, which 
resolves in hours. 

In more severe cases, the period of infection is 
followed by a brief period of remission. This lasts 
up to a day, during which the patient's symptoms 
improve, but then the blood pressure falls and there 
is a return of fever, vomiting, and prostration. These 
events mark the onset of the period of intoxication, 
during which the patient may develop severe yel¬ 
low fever's classic triad of findings of jaundice, 
hemorrhage, and intense albuminuria. 156 In this 
phase, there is no viremia and antibodies appear. 
Some patients may recover in 3 to 4 days, but 50% 
of patients who enter this phase die, usually at 7 to 
10 days, with hemorrhage, shock, encephalopathy, 
and renal failure. Jaundice is of variable severity 
and often not prominent. Hypothermia and de¬ 
lirium progressing to coma are terminal findings. 
Findings that indicate a fatal outcome include rapid 
progression to the period of intoxication and rapid 
rise in the serum bilirubin, severe hemorrhagic di¬ 
athesis and DIC, acute tubular necrosis, early hy¬ 


potension, shock, coma and convulsions, and intrac¬ 
table hiccoughs. 155 Signs of a good prognosis include 
diuresis and normal mental status. 156 

Laboratory findings include early leukopenia with 
neutropenia, thrombocytopenia, liver transaminase 
and bilirubin elevations; proteinuria; azotemia; and 
coagulation defects (prolonged prothrombin time 
and partial thromboplastin time) suggesting DIC. 
Electrocardiogram findings are nonspecific and may 
show prolonged PR and QT intervals and ST 
abnormalities. Hepatic transaminase levels rise on 
the second or third day, peak 2 to 5 days later, and 
decline over the next 2 weeks, although mild 
elevations may persist for 2 months. The degree of 
transaminase elevation indicates the severity of the 
disease and the prognosis. 155 Alkaline phosphatase 
levels remain near normal. Cerebrospinal fluid has 
increased pressure, elevated protein, a normal cell 
count, and normal glucose levels. 

Complications include suppurative parotitis, bac¬ 
terial pneumonia, sepsis, and acute tubular necrosis. 
Atypical fulminant cases may cause death in 3 days, 
occasionally without hepatic or renal signs. Con¬ 
valescence may take 1 to 2 weeks. Late deaths may 
occur after weeks and are attributed to myocardial 
dysfunction or dysrhythmias. Recovery is usually 
complete, but jaundice can persist for months. 

The differential diagnosis in the early period of 
infection is broad and must include other arboviral 
diseases, malaria, rickettsial infections, leptospiro¬ 
sis, typhoid fever, and viral hemorrhagic fevers. 
During the period of intoxication, the appearance 
of jaundice makes the diagnostic considerations 
viral hepatitis, leptospirosis, malaria, typhoid fe¬ 
ver, and other viral hemorrhagic fevers. The high 
case fatality rate in yellow fever, often more than 
30% in hospitalized cases (compared to viral hepa¬ 
titis where the case fatality rate is usually less than 
1%) can be valuable in the differential diagnosis. 

Yellow fever has characteristic findings, but they 
are nonspecific and nondiagnostic. Therefore, a clini¬ 
cal diagnosis of yellow fever is not indicated except 
in the setting of a documented outbreak. In an out¬ 
break, fever and jaundice are often used for case 
identification. 147 Other diagnoses must remain in consid¬ 
eration until the laboratory diagnosis of yellow fever 
is made. In a patient with hemorrhagic manifesta¬ 
tions, viral hemorrhagic fever must be considered 
and appropriate infection control precautions taken 
until a definitive diagnosis is made. Because treat¬ 
ment for yellow fever is supportive only, severe 
diseases that can be treated, such as malaria and 
typhoid fever, should be considered first and if di¬ 
agnostic tests cannot be performed, empiric and 
possibly lifesaving therapy should be considered. 
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Subclinical, or inapparent, infection is common. 
The ratio of infections to clinical cases ranges from 
2:1 to 20:1. In a Gambian epidemic in 1978, 33% of 
the population showed serologic evidence of infec¬ 
tion, and the overall clinical-to-subclinical infection 
ratio was 1:12. 147 Antibody appears within the first 
week, and recovery confers lifelong immunity. In 
infants, passive immunity persists up to 6 months 
after birth. 

Diagnostic Approaches 

Yellow fever can be diagnosed by detecting the 
virus in blood or liver biopsy specimens or by 
detecting serum antibody specific for the yellow 
fever virus. Because of the danger of hemorrhage, 
liver biopsy is absolutely contraindicated in the 
living patient. Detection of the virus or viral antigen 
in the blood is the most specific diagnostic method. 
Viremia is greatest 3 to 6 days after the onset of the 
illness but has been detected as late as day 17. The 
virus can be isolated by inoculating the patient's 
blood into suckling mice, mosquitoes, or mammalian 
or mosquito cell culture. Viral antigen can be 
detected in blood by enzyme immunoassay (EIA) 157 
and in tissue by labeled antibody binding. Viral 
genome can be detected by polymerase chain 
reaction (PCR) amplification. 

Acute yellow fever can be diagnosed by detecting 
IgM specific for the yellow fever virus in a patient 
with a compatible illness or during an outbreak. 
IgM develops within the first week of the infection, 
persists for months, and is the target of the serologic 
test of choice to diagnose acute infection. Acute 
infection cannot be diagnosed by detecting IgG in 
a patient with possible previous yellow fever 
infection or in a person vaccinated against yellow 
fever, except when a significant rise in the IgG titer 
in convalescent serum compared to acute serum 
indicates acute infection. Cross-reacting antibodies 
due to other flavivirus infections are difficult to 
distinguish from antibody due to acute infection. 
This distinction can sometimes be made using a 
yellow fever type-specific antigen EIA and other 
serologic tests, such as hemagglutination and 
complement fixation. 

For laboratory detection of yellow fever virus, 
blood specimens must be obtained from the patient 
during the first 3 to 4 days of the illness and a post¬ 
mortem liver biopsy specimen must be obtained 
within 12 days after the onset of the illness. Speci¬ 
mens for virus detection, such as blood or liver tis¬ 
sue, should be kept at 4°C or on wet ice if they can 
be delivered to a laboratory within 48 hours. If they 
must be held longer, they should be frozen on dry 


ice or in liquid nitrogen. Standard refrigerator 
freezer temperatures will cause deterioration of the 
virus. If refrigeration or freezing is not possible, the 
specimen should be placed in a 50% glycerol solu¬ 
tion and shipped at ambient temperature. 158 Virus 
can be detected in cell culture after 3 to 4 days, while 
EIA and PCR results take less than a day. 

Recommendations for Therapy and Control 

Therapy 

Therapy consists of symptom control and sup¬ 
port only. Ribavirin has some antiviral effect but 
showed no clinical benefit in experimentally in¬ 
fected monkeys. 141 Interferon gamma showed some 
benefit if initiated before organ injury occurred. 154 
Hypotension and hypoxemia should be managed 
aggressively. The PTT (partial thromboplastin time) 
should be kept under 30 seconds using fresh fro¬ 
zen plasma. The value of heparin for DIC is unclear. 
Nonaspirin antipyretics should be used. Prerenal 
azotemia should be managed aggressively. Sepsis 
and bacterial pneumonia must be diagnosed early 
and treated promptly. There is no evidence to sup¬ 
port use of corticosteroids. Immune serum may be 
protective if given immediately at the time of in¬ 
fection, but it has no effect after the disease ap¬ 
pears. 144 Routine blood and body fluid precautions 
should be used, and the patient must be protected 
from mosquito access for at least 5 days after the 
onset of symptoms. 

Control 

Suspected yellow fever patients should stay inside 
bed nets or screened rooms to avoid further transmis¬ 
sion. The patient's house and nearby houses should 
be sprayed with an insecticide, and family and other 
contacts should be immediately immunized. Possible 
sites where the patient acquired the infection and 
possible contacts should be investigated. In outbreaks, 
mass vaccination and vector control must be initiated 
immediately. 140 A case definition and case finding and 
confirmatory methods must be established, including 
clinical facility visits and house-to-house surveys. 
Mass vaccination during the early phase of an out¬ 
break is difficult because of the delay in recognition 
of the epidemic and the 5- to 7-day lag between vac¬ 
cination and appearance of antibody. 148 

Quarantine 

Entomologic investigation of an epidemic is nec¬ 
essary to identify the vector, mode of contact with 
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humans, breeding sites, and methods of control. 
Aedes mosquito breeding places must be eliminated. 
No quarantine is required for individual cases, but 
quarantine measures apply to all transportation 
coming into and out of affected areas. WHO Inter¬ 
national Health Regulations state that every port 
and airport be kept free of A aegypti in an area ex¬ 
tending 400 m outside the perimeter of the facility. 158 
Specimens must be sent to reference laboratory test¬ 
ing facilities, and once yellow fever is confirmed, 
testing should be established in a local facility or 
even in the field. 

The International Health Regulations of 1969 
mandate the reporting of yellow fever cases to 
WHO and neighboring countries. Travelers coming 
from "infected local areas" into "yellow fever re¬ 
ceptive areas" may be required to possess a valid 
international certificate of vaccination or spend 6 
days in quarantine. 6213553-558 This vaccination certifi¬ 
cate is valid for 10 years, starting 10 days after the 
vaccination date. Exposure should be avoided un¬ 
til 5 days after vaccination. 

Vaccine. In 1928 in Dakar, West Africa (now 
Senegal), Mathais infected rhesus monkeys with the 
blood from a yellow fever patient. This yellow fe¬ 
ver virus, which became known as the "French 
strain," 159 was used to infect mouse brains and so 
to produce the first effective yellow fever vaccine. 
It was named the French Neurotropic Vaccine 
(FNV). It was used for mass immunization in French 
West Africa from the early 1940s until 1965 and 
nearly eliminated yellow fever there. However, en¬ 
cephalitis occurred in some children who received 
the vaccine. One investigator reported 3 cases per 
1,000 vaccinees, with a fatality rate of 38%. 154 Rou¬ 
tine use of the vaccine in children in West Africa 
was stopped in 1961. 

In 1937, Thieler at the Rockefeller Institute de¬ 
veloped an attenuated live virus vaccine, strain 17D, 
which led to the substrains (17D-204 and 17DD) 
used for current vaccines. The 17D strain originated 
from blood of a 28-year-old West African man 
named Asibi who had mild yellow fever. 137 The 
original Asibi strain was passed many times in 
mouse embryonic cell culture, eventually produc¬ 
ing an attenuated mutant. The attenuated strain was 
designated 17D and in 1937 was used for human 
immunization. The US Army approved use of the 
17D vaccine on 30 January 1941. From February to 
December 1942, however, 49,111 cases of hepatitis, 
with 81 deaths, were caused by the 0.04 mL of hu¬ 
man serum in each dose of vaccine. 160 A serum-free 
vaccine was formulated, and no further hepatitis 
cases occurred. 

The 17D strain yellow fever vaccine is one of the 


safest and most effective live, attenuated vaccines. 
The vaccine induces an antibody response in more 
than 95% of vaccinees within 10 days, and neutral¬ 
izing antibodies persist 30 to 35 years after vacci¬ 
nation. Since 1965, more than 250 million doses of 
17D vaccine have been administered. 161 Less than 
5% of vaccinees develop mild headache or fever. 
Encephalitis has been noted in 20 recipients, 14 of 
whom were under 6 months old. One recipient died, 
but the encephalitis resolved without sequelae in 
the other cases. As a result, the vaccine is contrain¬ 
dicated in children under 4 months of age, and chil¬ 
dren between 4 and 9 months should be vaccinated 
only when the risk of yellow fever exposure warrants 
it. Preventive immunization is extremely effective, 
but the program must continue to immunize indi¬ 
viduals born or immigrating into the population. 
Currently, 17 African countries use routine yellow 
fever immunization, most in infants at 9 months of 
age. 62 This approach is recommended by the WHO 
in yellow fever-endemic countries. 

Vaccination during pregnancy has been relatively 
contraindicated because of the theoretical risk of 
transplacental infection and postvaccinal encepha¬ 
litis in the fetus. 155 During an epidemic, however, 
the maternal risk from natural infection is much 
greater than the risk from the vaccine. Only one 
study on the use of the vaccine by pregnant women 
has been reported, and no effect on the fetus was 
found. 162 However, one case has been reported of 
congenital yellow fever infection without malfor¬ 
mation in the child; the woman was immunized 
during pregnancy. 163 The vaccine is not recom¬ 
mended when live-virus vaccines are contraindi¬ 
cated, such as in immunodeficient individuals or 
those on immunosuppressive drugs. The vaccine is 
recommended for asymptomatic individuals who 
are seropositive for human immunodeficiency vi¬ 
rus; the risk in symptomatic seropositive individu¬ 
als is unknown. 62 

Factors that may decrease the efficacy of the vac¬ 
cine include poor nutritional status, simultaneous 
administration of the cholera vaccine, and preg¬ 
nancy. Cholera vaccine given with or up to 3 weeks 
before yellow fever vaccine causes a temporary re¬ 
duction in antibody response. In pregnant women, 
seroconversion rates were found to be only 39%. 162 
Prior yellow fever vaccination or concomitant ad¬ 
ministration of other vaccines, such as those for 
tuberculosis (bacille Calmette-Guerin [BCG]), diph¬ 
theria, pertussis, tetanus, measles, polio, hepatitis 
A, hepatitis B, and typhoid fever (injectable), or im¬ 
munoglobulin does not interfere with the antibody 
response to the vaccine. 164-166 At usual antimalarial 
doses, chloroquine does not decrease the immune 
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response. 167 Presence of antibodies against other 
group B arboviruses does not interfere with the 
immunogenicity of yellow fever vaccine. Presence 
of antibodies against other group B arboviruses, 
including Japanese encephalitis virus, does not in¬ 
terfere with the immunogenicity of yellow fever 
vaccine. 168 The vaccine must be handled carefully 
under field conditions. 140 A cold chain must be 
maintained, keeping the vaccine frozen or at 4°C. 
Reconstituted vaccine should be used within 1 hour 


and any residual discarded. 

Allergic reactions to the vaccine occur rarely (1 
in 1 million recipients) and primarily in persons 
with an allergy to eggs. 141 One patient with a his¬ 
tory of egg allergy was skin tested with a skin prick 
test of the yellow fever vaccine diluted 1:10 and then 
an intradermal test of yellow fever vaccine diluted 
1:100. There was no reaction, and the yellow fever 
vaccine was administered without complication. 169 

[Charles F. Longer] 


JAPANESE ENCEPHALITIS 


Introduction and Military History 

Worldwide, Japanese encephalitis (JE) is the most 
important mosquito-borne viral encephalitis. 
Within Asia, JE is a major cause of encephalitis, ac¬ 
counting for more than 35,000 cases and 10,000 
deaths each year. 170 In Japan, epidemics of "sum¬ 
mer encephalitis" were recorded yearly from 1873 
until changes were made in agricultural practices 
and the advent of universal immunization against 
JE in the 1960s. 171 At the beginning of World War II, 
the military anticipated possible epidemics among 
US forces in the Pacific. To address this, the Com¬ 
mission on Neurotropic Virus Diseases of the Board 
for the Investigation and Control of Influenza and 
Other Epidemic Diseases in the Army (later reor¬ 
ganized as the Army Epidemiological Board) as¬ 
signed MAJ Albert Sabin to develop a vaccine 
against JE and then to stockpile it. Sabin built on 
earlier work of Japanese investigators 172 to grow 
Japanese encephalitis virus (JEV) (Nakayama strain) 
to high concentrations in the brains of sucking mice, 
make a 10% suspension of the brains, and inacti¬ 
vate the virus with formalin. By 1942, lyophilized 
vaccine had been produced and shown to be safe 
in volunteer medical students and laboratory staff 
in Cincinnati, Ohio. Neutralizing antibodies were 
elicited in just over 50% of recipients. 173 In July 1945, 
an epidemic of summer encephalitis occurred 
among the native and US military populations of 
Okinawa and nearby islands. Within 10 days of the 
first case reports, vaccine was administered to US 
military personnel in the high-risk areas. As many 
as 70,000 personnel received two doses of vaccine, 
which was generally well tolerated. Among the 
55,000 for which follow-up data were available, 
however, there were 19 systemic, immediate-type 
allergic reactions and four instances of "infectious 
polyneuritis" (Guillain-Barre syndrome). 174 In 1946, 
250,000 military personnel in the Far East received 
this vaccine and the decision was made to vacci¬ 
nate all Occupation troops. 172 


Starting in 1946, mouse brain-derived vaccine, 
which lost its potency during storage, was replaced 
with a more stable, inactivated vaccine derived from 
chick embryo. 175 JE vaccine was routinely adminis¬ 
tered to all US military personnel in the Far East 
Command between 1946 and 1951 and to tens of 
thousands of Japanese children, in whom its pro¬ 
tective efficacy was estimated to be nearly 80%. 176,177 
In 1950 despite the vaccination policy, 299 cases of 
proven or suspected JE occurred among US soldiers 
in Korea. 178 In 1952, the Army stopped the routine 
use of JE vaccines. 179 With the availability of more 
recent vaccines described below, including a more 
highly purified version of the mouse brain vaccine, 
JE has been less of a problem for military units in 
endemic areas, although there were cases among 
US and Australian troops during the Vietnam 
War 180,181 and more recently among military person¬ 
nel stationed in Okinawa. 182 JEV remains a threat 
throughout Asia. 

Description of the Pathogen 

JEV was first isolated in Japan in 1935 from the 
brain of a patient dying from summer encephali¬ 
tis. 183 This "Japanese" encephalitis was also called 
type B encephalitis to differentiate it from the type 
A encephalitis (von Economo encephalitis or encepha¬ 
litis lethargica), which occurred during winter 
months and had a different clinical course. Encepha¬ 
litis epidemics in 1933 and 1937 in the United States 
were initially thought to be caused by the same virus 
(type B). Cross-challenge and cross-neutralization 
studies in mice demonstrated that the St. Louis type 
B encephalitis virus was distinct from the Japanese 
type B encephalitis virus. 184 The designation "type 
B" is no longer used. 

JEV belongs to the virus family Flaviviridae and 
genus Flavivirus. 1S5 It is a small, enveloped, posi¬ 
tive-stranded RNA virus, 40 to 50 nm in diameter. 
The genome is approximately 11 kilobases in length, 
coding for a single open reading frame that trans- 
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lates into three structural proteins (C, M, E) and 
seven nonstructural proteins (NS1, NS2a, NS2b, 
NS3, NS4a, NS4b, NS5). 186,187 There is only one se¬ 
rotype of JEV, although two immunotypes of JEV 
(Nakayama and JaGAr) have been suggested. 188 
Several genotypes have been identified (those hav¬ 
ing more than 12% divergence), but associations 
between virus genotypes and disease severity re¬ 
main uncertain. 189 

Epidemiology 

Transmission 

The principle vector for JEV in Asia is the Culex 
tritaeniorliynchus mosquito, which is zoophilic. 190 
Humans are considered to be a dead-end host for 
this virus because of the preference of vector mos¬ 
quitoes for animals over humans. 191 Also, virus is 
only rarely isolated from blood in patients, suggest¬ 
ing that the duration and titer of viremia may be 
too low to support transmission. Pigs and birds are 
the most important animals for virus maintenance, 
amplification, and spread. Most mosquitoes and 
animals infected with JEV remain well, but fatal 
encephalitis occurs in horses and fetal wastage may 
occur in infected sows. 170 Animal vaccines for pigs 
and horses are available. 192,193 

While C tritaeniorhynchus is the principle vector, 
many other species of mosquitoes have been in¬ 
fected with JEV in the laboratory and have been 
found infected in field collections; this suggests that 
they serve as vectors to a certain degree. 194 In most 
endemic regions, C tritaeniorhynchus mosquitoes are 
present in large numbers following seasonal peri¬ 
ods of heavy rain. This mosquito breeds in swamps, 
marshes, and rice fields away from human hous¬ 
ing but can fly up to a kilometer and a half and has 
been found in tree tops 15 m (50 ft) off the ground 
seeking blood meals. 190,195 The mosquito is most ac¬ 
tive during the hour following sunset. 196 

Geographic Distribution and Incidence 

Countries or areas that have had proven epidem¬ 
ics of JE are Australia (Torres Strait 197 ), Bangladesh, 
Burma, Cambodia, China, India, Indonesia, Japan, 
the Korean peninsula, Laos, Malaysia, Nepal, Phil¬ 
ippines, Saipan, maritime Siberia, Singapore, Sri 
Lanka, Thailand, and Vietnam 194,198 (Figure 35-12). A 
single case diagnosed by polymerase chain reaction 
(PCR) has been reported from Pakistan. 199 Epide¬ 
miologic data are limited because most countries 
report only total numbers of encephalitis without 
more specific diagnoses. 


In endemic areas, the highest age-specific attack 
rates occur in children 3 to 6 years of age. Fewer 
cases in younger children may be due to protection 
from maternal antibody in the first year and avoid¬ 
ance of vector mosquitoes. With increasing age, 
children tend to play more outside, especially after 
dusk, which increases exposure. 200 In some areas 
(eg, Nepal, northern India, Sri Lanka), all age 
groups are affected, suggesting recent introduction 
of the virus into these relatively nonimmune popu¬ 
lations. 201 Adult travelers to endemic areas are sus¬ 
ceptible to JEV infections. 198 

JEV transmission in the tropics may occur year 
round. Seasonal epidemics generally begin during 
the rainy seasons, when mosquito populations are 
maximal. 201 JEV transmission is not static and may 
increase due to the construction of dams, use of ir¬ 
rigation, and changes in pig-raising practices and 
similar activities. 

Pathogenesis and Clinical Findings 

Infection with JEV may be asymptomatic or 
manifest as a mild febrile illness, aseptic meningi¬ 
tis, or classic severe meningomyeloencephalitis. 

Asymptomatic Infection 

Between 25 and 300 JEV infections occur for each 
identified clinical case of JE. 202-205 Why some infec¬ 
tions progress and others remain subclinical is not 
clear. Viral factors may be important, such as route 
of inoculation, virus titer in mosquito saliva, and 



Fig. 35-12. Geographical distribution of confirmed or 
suspected cases of Japanese encephalitis. 
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neurovirulence of the inoculum. Host factors, such 
as age, genetic makeup, general health, and preex¬ 
isting immunity, may play a key role in disease se¬ 
verity. Virus inoculated directly into a blood vessel 
by the infecting mosquito may be transported more 
rapidly to the central nervous system; virus inocu¬ 
lated subcutaneously may proliferate harmlessly for 
several life cycles of the organism before entering 
the circulatory system, allowing time for an immune 

194 

response. 

Encephalitis 

Following an incubation period of 1 to 2 weeks, 
patients typically present following 1 to 3 days of 
fever and headache, often accompanied by nausea 
or vomiting; they may also be stuporous or coma¬ 
tose. Generalized seizures are common, especially 
in children. Physical findings include fever, a de¬ 
pressed state of consciousness, and impairment of 
cranial and motor nerves. Stupor progresses to 
coma that, in nonfatal cases, may resolve in 1 to 2 
weeks. A severely depressed sensorium at the time 
of presentation is associated with a poor outcome. 206 
The mortality rate is approximately 25%; 50% suf¬ 
fer neuropsychiatric sequelae and 25% recover 
fully. 200,207 Comatose patients may experience res¬ 
piratory arrest and require ventilatory support. A 
mild-to-moderate viral pneumonitis is common and 
may be followed by bacterial pneumonia. Computer 
tomography and magnetic resonance imaging reveal 
typical acute and convalescent changes that involve 
the thalamus, basal ganglia, and other areas. 208-211 
Long-term sequelae in survivors include weakness, 
ataxia, tremor, athetoid movements, paralysis, 
memory loss, and abnormal emotional behavior. 212,213 

Autopsy of fatal cases has shown the brain to have 
vascular congestion, mild edema, and minimal 
overlying cellular exudate. 214 Virus can be isolated 
from all areas of the brain, but virus is most commonly 
found in the thalamus and brain stem. The destruction 
of neurons in the brain stem can explain the profound 
coma and respiratory failure. 215 

Diagnostic Approaches 

An acute febrile illness with changes in mental 
status and signs of meningeal irritation occurring 
in endemic areas for JE should prompt the physician 
to consider JE as the cause. In some areas where 
diagnostic support is limited, a presumptive 
diagnosis of JE is made if the cerebrospinal fluid 
(CSF) is clear. Other conditions that should be 
considered are shown in Table 35-6. 

CSF findings that are consistent with a diagnosis 


of JE include an opening pressure for the CSF that 
is normal or moderately increased, a total protein 
that is slightly increased, and a lymphocyte 
pleocytosis that is typically 10 to 1,000 mononuclear 
cells per milliliter. 200 The presence of JEV-specific 
immunoglobulin M (IgM) in the CSF is thought to 
be diagnostic of JE, as opposed to infection with JEV 
without encephalitis which results in increased IgM 
in the sera but not in the CSF. 215 The presence of 
infectious virus in the CSF and low levels of JEV- 
specific IgM in both CSF and serum at presentation 
are associated with a poor outcome. 206 

Many methods of detecting JEV antibodies have 
been developed. The most reliable method at 
present is a carefully standardized enzyme-linked 
immunosorbent assay (EIA). This approach distin¬ 
guishes between JE and dengue infections, as well 
as primary and secondary flavivirus infections, by 
comparing the number of units of specific IgM ver¬ 
sus immunoglobulin G antibody. 217 Hemagglutina¬ 
tion inhibition is a simple and reliable approach, 218 
but its interpretation may be more difficult than the 
EIA's. Antibody test results may be confusing be¬ 
cause of considerable cross-reactivity with other 
flaviviruses. 219 In Southeast Asia, where dengue and 
JEV both circulate, previous exposure to either vi¬ 
rus in an individual patient increases the difficulty 
of virus-specific serological diagnosis. Natural in¬ 
fection or vaccination for yellow fever. West Nile 
fever, or tick-borne encephalitis may also produce 
false-positive tests for JEV antibody. 

The PCR can be used to detect viral genome. 220 
Isolation of JEV may be performed in mosquito or 
other cell lines. Virus isolation from brain tissue 
gathered postmortem is usual, but positive cultures 
from CSF are much less common, and isolations 
from serum are rare. 221 Because of the low sensitiv¬ 
ity of viral detection methods, diagnosis is usually 
based on the presence of JEV-specific IgM antibod¬ 
ies in the CSF or serum. Commercial assays are just 
becoming available, although none are currently 
licensed in the United States. Specimen testing can 
be coordinated through the Armed Forces Research 
Institute of Medical Sciences in Bangkok, Thailand; 
the Centers for Disease Control and Prevention in 
Fort Collins, Colorado; or the Walter Reed Army 
Institute of Research in Silver Spring, Md. 

Recommendations for Therapy and Control 

Therapy 

Currently, there is no effective treatment for JE 
beyond supportive care. Dexamethasone does not 
reduce mortality nor provide any other benefit but 
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TABLE 35-6 

DIFFERENTIAL DIAGNOSIS OF FEVER AND MENINGISMUS OR ALTERED MENTAL STATE IN 
AREAS WHERE JAPANESE ENCEPHALITIS IS ENDEMIC 


Specific 

Therapy 

Diagnosis Available 


Disease states lacking a CSF pleocytosis 

-Metabolic encephalopathy complicating infection or other systemic process Yes 

-Cerebral malaria Yes 

-Dengue encephalopathy No 

-Acute toxic encephalopathy including Reye's syndrome No 

-Sub-arachnoid hemorrhage No 

Disease states with CSF pleocytosis and low CSF glucose 

-Pyogenic meningitis Yes 

-Tuberculous or fungal (cryptococcal) meningitis Yes 

Disease states with CSF pleocytosis and normal glucose 

-Brain abscess Yes 

-Infections associated with immunosuppression: toxoplasmosis, progressive multifocal Yes (for some) 

leukoencephalopathy, etc. 

-Aseptic meningitis 

Leptospirosis Yes 

Rickettsioses Yes 

-Cerebral vasculitis Yes 

-Acute viral encephalitis 

Herpes simplex encephalitis Yes 

Japanese encephalitis No 

West Nile encephalitis (overlap with JE in western India) No 

Murray Valley encephalitis (overlap with JE at southern limit of JE virus range) No 

Meningoencephalitis due to enteroviruses (eg, Coxsackie, echo, polio viruses) No 

Rabies No 

Encephalitis due to viruses of the California encephalitis virus serogroup 

(viruses present in Sri Lanka and China by serology; no human cases recognized) No 

-Parainfectious and postvaccinal encephalomyelitis 

Measles encephalitis No 

Varicella-zoster encephalitis No 

Disease following other infections: rubella, mumps, infectious mononucleosis, influenza, 
parainfluenza. Mycoplasma infection No 

Disease following vaccinations: Semple rabies vaccine, measles vaccine No 


CSF: cerebrospinal fluid 
JE: Japanese encephalitis 

Adapted from: Innis, BL. Japanese encephalitis. In: Porterfield, JS, ed. Kass Handbook of Infectious Diseases: Exotic Viral Infections. 
London: Chapman & Hall Medical, 1995. Reproduced with permission of Edward Arnold Limited. 


is still sometimes used despite the lack of evidence 
of efficacy. 200 Various interferons have shown prom¬ 
ise, but definitive trials have not been done. 222,223 


Approaches to the prevention of JE include vector 
control, vector avoidance, immunization of susceptible 
persons, and immunization of amplifying hosts. 


842 





Diseases Transmitted Primarily by Arthropod Vectors 


Vector Control and Personal Protection 

Spraying pesticides produces limited reductions 
of JEV vectors in a limited area for a limited amount 
of time at great cost. Reasons for this lack of effec¬ 
tiveness include: (a) the vector C tritaeniorhynchus 
has a wide flight range, so new mosquitoes quickly 
replace those killed by local spraying of insecticides 
in and around human and animal housing areas; 
( b ) application of insecticides to rice fields to kill 
larvae is effective for only 1 to 2 weeks; and (c) or- 
ganophosphorus and carbamate insecticides have 
become largely ineffective because of the develop¬ 
ment of insecticide resistance. 224 

Personal precautions should be taken by residents 
of endemic regions and travelers to these areas to 
avoid mosquito bites. These precautions include: 

• minimizing outdoor exposure at dusk and 
dawn and on overcast days, 

• sleeping in screened quarters or under mos¬ 
quito netting, 

• wearing clothing leaving a minimum of 
skin bare, 

• using insect repellents containing DEET 
(N,N-diethylmeta-toluamide) appropri¬ 
ately on exposed skin surfaces, 225 and 

• keeping farm animals away from housing 
and avoiding the animals at dusk. 226 

Vaccination 

Vaccines that are distributed commercially con¬ 
tain formalin-inactivated virus derived from mouse 
brain. This type of vaccine was first tested in hu¬ 
mans in Japan and Russia in the late 1930s and li¬ 
censed in Japan in 1954. Partial purification with 
protamine sulfate was introduced in 1958. The pres¬ 
ently available vaccine—JE-VAX, produced by 
BIKEN (The Research Foundation for Microbial 
Disease of Osaka University, Japan) and distributed 
in the United States since 1992 by Pasteur-Adventist, 
USA—is more highly purified. 22 " 

Efficacy and Safety. Vaccine efficacy trials have 
been reviewed, 194,198,227 and efficacy has ranged from 
81% to 96%. Among pediatric participants, fever has 
followed immunization in less than 1% of the 
vaccinees and local reactions have been seen in ap¬ 
proximately 5%. The most definitive trial was per¬ 
formed in Thailand from 1984 to 1985. 228 The highly 
purified BIKEN vaccine (Nakayama-Yoken strain) 
and a bivalent vaccine consisting of Nakayama- 
Yoken and Beijing-1 strains were compared in a pla¬ 
cebo-controlled, masked, randomized study. Two 
doses of vaccine, given a week apart, were admin¬ 


istered to approximately 22,000 children in each of 
the three groups. The efficacy of both monovalent 
and bivalent vaccines was 91%. There were no ma¬ 
jor side effects. Minor side effects, such as headache, 
sore arm, rash, and swelling, were similar to the 
control group (who received tetanus toxoid) and 
generally affected less than 1%. 

JE vaccine safety and immunogenicity trials began 
in the United States in 1983. One hundred twenty-six 
volunteers received two 1.0 mL doses of the vaccine 1 
week apart. A three-dose series was recommended 
after two doses failed to provide an optimal immune 
response. Adverse reactions included one apparent 
immediate hypersensitivity reaction to the first dose, 
manifested by generalized urticaria that responded 
to subcutaneous epinephrine. Eighteen percent 
reported tenderness at the injection site, and 9% 
reported headache lasting an average of 1 day. 229 

In expanded US trials from 1987 to 1989, 4,034 
US military volunteers received vaccine without 
severe adverse reactions. Twenty percent of the 
volunteers reported mild arm soreness lasting no 
more than a few hours; 10% reported headache. 
These studies also suggested the need for a third 
dose, 230 and subsequent studies have demonstrated 
that the antibodies produced by a three-dose pri¬ 
mary series of JE-VAX persists for at least 3 years 
in healthy US soldiers. 231 

Although the safety record of JE vaccines used 
in Japan has been excellent, reports from Denmark, 
Australia, and Canada in the 1990s have suggested 
an increased incidence of hypersensitivity reac¬ 
tions. 232-234 In a prospective study of US military 
personnel and their family members on Okinawa, 
the hospitalization rate for treatment of refractory 
urticaria following vaccination was 3 per 10,000. A 
history of urticaria increased the risk of an adverse 
reaction 9-fold. 227 Nevertheless, the vaccine is gen¬ 
erally felt to be safe for individuals at risk for the 
disease. 235,236 Due to the risk of hypersensitivity re¬ 
actions, it is recommended that persons receive the 
vaccine at least 10 days before departure to assure 
their access to medical care should the need arise. 

Indications for Vaccination. Current recommen¬ 
dations from the Advisory Committee on Immuni¬ 
zation Practices (ACIP) for primary and booster 
vaccination are given in Table 35-7. A three-dose 
vaccination series is recommended for US inhabit¬ 
ants traveling to areas where they may be at risk of 
exposure to JEV. Most travelers to Asia will not re¬ 
quire JE vaccination. JEV transmission is seasonal 
and confined to rural areas where animals are 
present. Consulting with public health officials be¬ 
fore travel may clarify the need for immunization. 
Living for extended periods in endemic areas and 
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TABLE 35-7 

RECOMMENDED SUBCUTANEOUS IMMUNI¬ 
ZATION SCHEDULE FOR BIKEN JAPANESE 
ENCEPHALITIS VACCINE 



< 3 y of age 

> 3 y of age 

Schedule 

Primary series 

0.5 mL 

1.0 mL 

0, 7, and 30 d* 

Booster 

0.5 mL 

1.0 mL 

Dose at 2 y 
and then at 
3-y intervals 




or as 

determined 
by serology 


The primary series may be given at 0, 7, and 14 days, but this 
will result in lower neutralizing antibody titers. 

Source: Advisory Committee on Immunization Practices. Inac¬ 
tivated Japanese encephalitis virus vaccine: Recommendations 
ot the Advisory Committee on Immunization Practices (ACIP). 
MMWR. 1993;42(RR-1):1-15. 

having contact with farm animals, especially in the 
evening, will increase risk. Vaccination is not indi¬ 
cated for travel to urban centers in Asia for short 
periods. JE incidence figures for the area to be vis¬ 
ited may not be helpful if the vaccine is in wide- 

THE EQUINE E 

Introduction and Military Relevance 

Venezuelan, western, and eastern equine en¬ 
cephalitis viruses have been recognized as causative 
agents of fatal neurologic disease in horses since 
the first half of the 20th century. By the 1930s, ad¬ 
vances in the field of virology had made isolation 
and basic characterization of these disease-causing 
agents possible. Western equine encephalitis (WEE) 
virus was first isolated from sick horses in 1930. 237 
Eastern equine encephalitis (EEE) virus and Ven¬ 
ezuelan equine encephalitis (VEE) virus were simi¬ 
larly isolated and described by the end of the 
1930s. 238-240 While these viruses were initially de¬ 
scribed during the first half of the 20th century, their 
presence in the Americas almost certainly predates 
the arrival of the Spanish in the New World. There 
are anecdotal stories of Spanish invaders entering 
Colombia with thousands of horses and leaving 
with only a few surviving animals. While not nec¬ 
essarily attributable to the equine encephalitides, 
such mortality testifies to the presence of severe 
horse disease in that area during the early 16th cen¬ 
tury. First recognized as horse diseases, the equine 


spread use. The vaccine may be given with the diph¬ 
theria-tetanus-pertussis, measles, and oral polio 
vaccines, but its interaction with other vaccines is 
unknown. 198 In addition to selected military units 
and individuals traveling to high-risk areas, vacci¬ 
nation is recommended for those participating in 
Cobra Gold exercises in Thailand and for units on 
alert status for possible missions into JE-endemic 
areas. Updated country information is available 
from the resources listed in Chapter 11, Medical 
Threat Assessment. 

Contraindications. Contraindications to immu¬ 
nization are as follows. Persons with a history of 
significant reaction to JE vaccine should not receive 
additional doses. Although no adverse outcomes 
have been associated with administration during 
pregnancy, it should be avoided unless significant 
exposure to JEV cannot be otherwise avoided. There 
are no safety data for children younger than 1 year 
of age. As mentioned above, persons with a history 
of allergic conditions, such as asthma, allergic rhini¬ 
tis, drug or hymenoptera venom sensitivity, food 
allergy, and especially urticaria, seem to be at in¬ 
creased risk. These persons should be advised of 
the potential for vaccine-related angioedema and 
generalized urticaria. 

[David W. Vaughn] 


encephalitides became associated with naturally 
occurring cases of encephalitis in humans by the 
late 1930s, 241,242 and the importance of this group of 
viruses in the Americas was firmly established. 

Because of their endemnicity throughout Central 
and South America, the equine encephalitides are 
significant health threats to US troops deployed 
in these areas. The risk is significant enough that 
preventive vaccination has been requested for ser¬ 
vice members participating in special missions in 
these areas. Cases of VEE have been reported in 
troops conducting training exercises in Central 
America. 243,244 

While VEE, WEE, and EEE viruses were recog¬ 
nized as the etiologic agents of encephalitis in 
horses and humans in the 1930s, it was not until 
EEE virus was isolated from Culiseta melanura 245 
mosquitoes in the 1950s that there was some indi¬ 
cation that these viruses were transmitted by mos¬ 
quitoes. Today these viruses are collectively 
grouped, along with several Old World mosquito- 
borne viruses, into the genus Alphavirus (formerly 
known as the group A arboviruses) in the family 
Togaviridae. 
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Description of the Pathogen 

While the names given to the equine encephali¬ 
tis viruses—VEE, WEE, and EEE viruses—suggest 
that these are individual agents, each represents a 
complex of serologically related viruses that, to¬ 
gether with four additional virus complexes, have 
been grouped together into the Alphavirus genus. 246 

The alphaviruses are spherical particles, typically 
60 to 65 nm in diameter. Alphavirus particles are 
composed of a lipid envelope containing two struc¬ 
tural glycoproteins (El and E2) surrounding a pro¬ 
tein core. The icosahedral protein core or nucleo- 
capsid contains the viral ribonucleic acid and forms 
the backbone for the overall shape and structure of 
the mature virion. 247 The envelope glycoproteins 
form heterodimers that further associate to form 
trimers. 248,249 It is these trimers, which form the 
spikes, that are clearly visible on electron micro¬ 
graphs of alphavirus particles 250 (Figure 35-13). 
Alphavirus spikes are the major targets of the host's 
immune response to infection 251 and directly influ¬ 
ence important biological characteristics of this 
group of viruses, such as tissue tropism, host range, 
and virulence. 252 

Alphavirus replication involves the classic steps 
of viral replication, including viral attachment, 
uncoating, transcription, translation, packaging, 
and escape and has been reviewed in detail. 247 



Fig. 35-13. An electron micrograph of Vero cells infected 
eastern equine encephalitis virus (140,000x magnifica¬ 
tion). The arrow identifies the viral envelope, which con¬ 
tain heterodimer spikes composed of glycoproteins El 
and E2. 

Photograph courtesy of Tom Geisbert, Pathology Divi¬ 
sion, US Army Medical Research Institute of Infectious 
Diseases. 


TABLE 35-8 

CLASSIFICATION OF THE VENEZUELAN 
EQUINE ENCEPHALITIS VIRUS ANTIGENIC 
COMPLEX 


Subtype 

Variety 

Epidemiology 

I 

A/B 

Epidemic/ epizootic 

I 

C 

Epidemic/ epizootic 

I 

D 

Endemic/ enzootic 

I 

E 

Endemic/ enzootic 

I 

F 

Endemic/ enzootic 

II 

Everglades 

Endemic/ enzootic 

III 

A (Mucambo) 

Endemic/ enzootic 

III 

B (Tonate) 

Endemic/ enzootic 

III 

C (71D-1252) 

Endemic/ enzootic 

IV 

Pixuna 

Endemic/ enzootic 

V 

Cabassou 

Endemic/ enzootic 

VI 

AG80-663 

Endemic/ enzootic 


Epidemiology 

The VEE complex consists of six closely related 
subtypes, each differing in its ecology, epidemiol¬ 
ogy, and virulence for humans and equines. The IA/ 
B and IC varieties are commonly referred to as epi¬ 
zootic strains (Table 35-8). These strains have been 
responsible for extensive epidemics in North and 
South America and are highly pathogenic for both 
humans and equines. 246 All of the epizootic strains 
are exotic to the United States and have been the 
etiologic agent responsible for natural epidemics 
only twice since 1973. 253 An outbreak of fatal en¬ 
cephalitis caused by epizootic VEE virus between 
April and October of 1995 in Venezuela and Colom¬ 
bia was the first major outbreak since the 1970s. 254 

The WEE virus complex consists of six viruses: 
WEE, Sindbis (SIN), Y 6233, Aura, Fort Morgan, and 
Highlands J. The EEE virus complex consists of a 
single virus found in two antigenically distinct vari¬ 
ants, the North and South American forms. All 
North American and Caribbean isolates show a high 
degree of genetic and antigenic homogeneity, 
whereas South and Central American isolates tend 
to be much more heterogeneous. 255,256 

Transmission 

Understanding the epidemiology of the equine 
encephalitides in humans requires an appreciation of 
the factors affecting the mosquito vectors and verte¬ 
brate hosts and their interactions in naturally occur- 
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ring endemic foci. Most commonly, disease in humans 
follows expansion or intrusion into geographic regions 
and ecological zones where natural transmission 
cycles are in progress. Human activities that disrupt 
or alter natural transmission cycles, such as introduc¬ 
tion of alien mosquito vectors or unnatural modifica¬ 
tions to the environment, may predispose human 
populations to disease. Natural changes to the envi¬ 
ronment or alteration of the viruses themselves 
through accumulation of genetic mutations may also 
be contributing factors to human disease. 

The epizootic subtypes of VEE virus are more 
opportunistic, relying on a variety of mosquito spe¬ 
cies and any susceptible equines that may be present 



T. 


Fig. 35-14. Transmission cycle of epizootic and enzootic 
subtypes of Venezuelan equine encephalitis virus. 
Horses, donkeys, and mules are the principle amplify¬ 
ing hosts for the epizootic subtype of the virus, and mos¬ 
quitoes from at least four genera have been implicated 
in transmission. For the enzootic subtype, Culex 
(Melanoconion) taeniopus, C aikenii, and C portesi are spe¬ 
cies that have been implicated as important vectors in 
past outbreaks. Art by Annabelle Wright, Walter Reed 
Army Institute of Research. 


(Figure 35-14). Horses, donkeys, and mules serve 
as important amplifying hosts because they develop 
high-titer viremias capable of infecting many mos¬ 
quito species. Varieties D, E, and F of subtype I and 
subtypes II, III, IV, V, and VI are referred to as the 
enzootic strains (see Table 35-8). 246,254 Like the epizootic 
strains, the enzootic strains may cause disease in hu¬ 
mans, but they differ from the epizootic strains in their 
lack of virulence for horses. Infection of horses with en¬ 
zootic subtypes leads to an immune response capable 
of protecting animals from challenge with epizootic 
strains. 257 Limited data, acquired after accidental labo¬ 
ratory exposures, suggest that similar cross-protec¬ 
tion may not occur in humans. 258,259 

Enzootic VEE virus subtypes are maintained 
quite efficiently in transmission cycles involving 
mainly mosquitoes belonging to the subgenus 
Melanoconion. The mosquitoes are ground feeders 
and prefer feeding on mammals rather than birds. 260 
In part because their ecology is similar to that of 
the mosquito vector, ground-dwelling rodents serve 
as the primary vertebrate host for the enzootic forms 
of VEE virus. After infection, these animals develop 
viremias of sufficient magnitude and duration to 
infect mosquitoes during their blood meals. 261 Other 
animals, such as bats and certain birds, may play a 
secondary role. 258,259 

Unlike the enzootic strains, the fate of the epi¬ 
demic strains during interepidemic periods is un¬ 
clear. As epidemic forms of VEE virus appear so 
rarely, the natural ecology of these viruses has been 
difficult to study. The two most likely theories sug¬ 
gest that either epidemic strains evolve from en¬ 
zootic strains 264,265 or they are maintained in cryptic 
foci, remaining undetected for long periods of time. 

WEE virus is maintained in transmission cycles 
involving perching birds and the mosquito Culex 
tarsalis. Humans and horses become involved only 
tangentially and are considered dead-end hosts. 266 
Endemic and epidemic WEE virus activity in Cali¬ 
fornia has been extensively studied. 267 Results from 
these studies suggest that enzootic activity is diffi¬ 
cult to control completely. 

Enzootic transmission of EEE virus occurs almost 
exclusively between perching birds and the mos¬ 
quito Culiseta melanura. 268,269 Because of the strict 
ornithophilic feeding behavior of this mosquito, hu¬ 
man and equine disease requires the involvement of 
more general feeders, such as members of the genera 
Aedes and Coquillettidia. 257 Equines are typically dead¬ 
end hosts for EEE virus. They may, however, develop 
viremias of sufficient magnitude following infection 
to infect vector mosquitoes, but this is not considered 
an important mechanism of virus dissemination. 253 
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In the case of naturally occurring outbreaks of 
VEE, WEE, and EEE, evidence of infection in 
equines almost always precedes human dis¬ 
ease. 270,271 With EEE and WEE viruses, isolations are 
also often made from domestic or wild birds before 
the onset of human involvement, making these 
hosts useful for detecting potential epidemic activ¬ 
ity. 272 With VEE, the magnitude of viremias in in¬ 
fected horses can be extremely high; as a result, 
these animals can serve as efficient amplifying 
hosts. 

Geographical Distribution 

Most subtypes of VEE viruses are enzootic in 
South and Central America, but subtype II circulates 
in the Everglades region of Florida. The enzootic 
viruses are commonly isolated in specific ecologi¬ 
cal habitats, where they circulate in transmission 
cycles primarily involving rodents and Cnlex 
mosquitoes of the Melanoconion subgenus. 273-275 
These mosquitoes often occur in very humid lo¬ 
calities with abundant open spaces, such as 
sunny, swampy pastures cut by slowly flowing, 
meandering streams. EEE virus is endemic to fo¬ 
cal habitats ranging from southern Canada to 
northern South America. 253 The virus has been 
isolated as far west as Minnesota but is most com¬ 
mon along the eastern coast of the United States 
between New England and Florida. Several antigenic 
subtypes of WEE virus have been identified, but 
the geographic distributions of the subtypes 
overlap. 15 Most members of the WEE virus com¬ 
plex are distributed throughout the Americas, but 
the SIN virus and Y 62-33 subtypes are found 
only in the Old World. 246 

The largest known outbreak of epidemic VEE 
occurred in the late 1960s and early 1970s. Epidemic 
virus first reached Mexico in 1966 and eventually 
reached the United States in 1971. A study of this 
virus in Central America, Mexico, and the United 
States showed that the virus easily invaded territo¬ 
ries in which it was formerly unknown. 276 This prob¬ 
ably resulted from the availability of large numbers 
of susceptible equine hosts and the presence of com¬ 
petent mosquito vectors. Immunization of millions 
of horses throughout North America and unprec¬ 
edented mosquito abatement efforts eventually 
stopped the epidemic before it was able to spread 
north of Texas. 277,278 Epidemic VEE virus has not 
been isolated in the United States since the 1971 
outbreak. 

An outbreak of the epidemic IC strain of VEE 
virus between April and October 1995 occurred in 


Colombia and Venezuela and involved 75,000 to 
100,000 people. 254 Factors contributing to this outbreak 
included greater than normal rainfall resulting in 
large increases in vector populations, decreased 
surveillance for the virus, and accumulation of large 
numbers of susceptible horses as a result of reduc¬ 
tion or elimination of vaccination programs. The 
epidemiology of disease in humans was typified by 
its sudden appearance, rapid increase, and brief 
occurrence in affected communities. In hospitals in 
Manaure and Riohacha in northern Colombia, ad¬ 
missions of cases consistent with VEE reached 330 
per day. Interestingly, 90% of the cases were seen 
within 2 weeks in September and October. 279 

Incidence 

While VEE virus has been quite active in recent 
years, the median number of cases of EEE and WEE 
during the same time period in the United States 
has been less than 5 each annually. 280 In the United 
States, EEE activity peaks between July and Octo¬ 
ber in the northern part of its range and between 
May and August in the southern part. Human cases 
of EEE in Florida have occurred year-round. 281 Hu¬ 
mans living in or near endemic foci for VEE have a high 
seroprevalence rate, often 100%, reflecting their 
cumulative experience with continuous transmission 
that occurs in these areas. 246 Epidemic transmission 
of VEE virus is sporadic, occurring only twice dur¬ 
ing the last 30 years. During both epidemics, thou¬ 
sands of individuals were involved, resulting in 
many deaths. 276 

VEE has been a problem in US service members 
deploying to endemic areas. On at least two occasions, 
soldiers undergoing jungle operations training in 
Fort Sherman, Panama, became ill with fever, chills, 
and headache. 243,244 On both occasions, infections 
occurred during the last quarter of the year, a time 
in Panama characterized by increased vector popu¬ 
lations brought on by heavy rainfall. While Panama 
has been the source of all known VEE virus exposures 
in US soldiers, deployment to any VEE virus-endemic 
area within South or Central America presents sig¬ 
nificant risk to military personnel operating where 
active transmission is occurring. 

Pathogenesis and Clinical Findings 

Because outbreaks of viral equine encephalitis 
occur so infrequently and the majority of human 
cases occur in rural areas of developing countries, 
detailed studies on the pathogenesis of the viruses 
that cause these diseases in humans have not been 
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completed. From the information that is available, 
experimentally infected animals serve as adequate 
models for pathogenesis of fatal encephalitis in 
humans. However, systemic disease is highly host 
specific and is dependent on a variety of other fac¬ 
tors, including age, immune status, route of infec¬ 
tion, and strain and dose of virus. The lymphoid 
and central nervous systems appear to be common 
targets in both experimental animal models and 
humans. 282-286 The Trinidad donkey (TrD) strain of 
VEE virus causes moderate but reversible lesions 
to the lymphoid organs in mice and nonhuman pri¬ 
mates but causes marked destruction of those or¬ 
gans in guinea pigs and hamsters. 283,284 

Pathological changes to the central nervous sys¬ 
tem differ significantly depending on the animal 
models and the strains of virus tested. Inoculating 
mice with the TrD strain of VEE virus results in dif¬ 
fuse encephalomyelitis, 283,284 while monkeys develop 
only mild pathological changes to the thalamus, 
hypothalamus, and olfactory areas of the brain. 284 
However, infection of monkeys by the aerosol route, 
a common route of accidental exposure in humans, 
can result in much more severe pathology, includ¬ 
ing perivascular cuffing and nodular and diffuse 
gliosis, especially in the cortex and hypothalamus. 287 
Aerosol exposure of monkeys to a highly patho¬ 
genic strain of VEE virus resulted in significant 
mortality (35%) and development of severe clinical 
and pathological changes in all animals. 288 Observa¬ 
tions on the severity of aerosol infection of nonhu¬ 
man primates suggest that encephalitis in humans 
could be a more common occurrence when infec¬ 
tion occurs by this route. Aerosol infection is most 
likely to occur in a laboratory setting, so technicians 
attempting to isolate and identify the virus are at 
greatest risk of aerosol infection. 

Clinical disease in humans caused by the equine 
encephalitides falls into one of two general catego¬ 
ries. A systemic febrile illness with occasional en¬ 
cephalitis is observed with viruses in the VEE com¬ 
plex, while a primarily encephalopathic syndrome 
is observed with EEE and WEE viruses. Disease 
caused by all three groups of viruses begins in a 
similar fashion. After a relatively short incubation 
period (1 to 6 days for VEE, 5 to 10 days for EEE, 5 
to 15 days for WEE), patients present with chills, 
high fever, headache, and malaise. With VEE, these 
symptoms can be quite severe and may be accom¬ 
panied by photophobia, sore throat, myalgias, and 
vomiting. 289 Although the majority of VEE infections 
are symptomatic, less than 1% of adult cases and 
4% of childhood cases progress to encephalitis, and 
mortality rates are relatively low. 290 While no con¬ 


clusive clinical studies have been conducted, there 
are some laboratory data to suggest that congenital 
VEE may be an important cause of fetal malforma¬ 
tions and spontaneous abortion in endemic areas. 291,292 
EEE is the most severe of the equine encephaliti¬ 
des, having case fatality rates as high as 50% to 
75%. 293,294 

As with the other equine encephalitides, the se¬ 
verity of neurological disease seen with WEE in¬ 
creases with decreasing age. Of children less than 1 
year old with WEE, greater than 90% will exhibit 
focal or generalized seizures. 295 Neurological symp¬ 
toms caused by all of the viruses may include leth¬ 
argy, somnolence, or mild confusion with or with 
or without nuchal rigidity. More severe signs may 
include seizures, ataxia, paralysis, or coma. 296 With 
EEE, children frequently exhibit generalized facial 
or periorbital edema and disturbances of the auto¬ 
nomic nervous system, such as impaired respira¬ 
tory regulation or excess salivation. Neurological 
sequelae, such as seizures, spastic paralysis, cranial 
neuropathies, and mental retardation, can occur in 
up to 30% of survivors. 294,297 Neurological sequelae 
from VEE and WEE virus infection can also occur, 
but their incidence and severity are generally less 
pronounced than from EEE. The clinical presenta¬ 
tion of patients with one of the equine encephaliti¬ 
des does not provide sufficient information to make 
a specific diagnosis. 

Diagnostic Approaches 

Because of the large number of alphaviruses asso¬ 
ciated with disease throughout the world, selecting 
diagnostic methods should be based on a thorough 
understanding of the clinical features and epide¬ 
miology of these viruses. 298 Serum and other 
biosamples should be frozen at -70°C and immedi¬ 
ately transported to theater-area diagnostic labora¬ 
tories or medical laboratories in the United States 
for testing. 

Epidemiologically significant diagnosis of the 
equine encephalitis viruses requires one or more of 
the following: (a) presence of virus-specific IgM in 
serum, ( b ) at least a 4-fold increase in virus-specific 
serological response between acute and convalescent 
serum samples, and (c) isolation and identification 
of the virus. 

Serological tests for these viruses include hemag¬ 
glutination inhibition, immunofluorescence, 
complement fixation, neutralization, or IgG or IgM 
enzyme-linked immunosorbent assay (ELISA). Of 
these tests, the IgM-capture ELISA is probably the 
most useful, as the presence of virus-specific IgM 
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in a single serum sample can serve as an indicator 
of recent infection. 299,300 Identification of virus-spe¬ 
cific IgM in the cerebrospinal fluid is an extremely 
useful method of serodiagnosis, because IgM anti¬ 
bodies do not cross the blood-brain barrier. IgM in 
cerebrospinal fluid, therefore, implies local antibody 
synthesis in response to infection of the central ner¬ 
vous system. 299 IgM antibodies to alphaviruses in 
humans appear to be subtype-specific, so variety 
typing of VEE or WEE virus infection would not be 
possible with this technique. 301 Diagnosis by other 
methods requires testing sequential sera from the 
same patient taken during different phases of dis¬ 
ease. A 4-fold increase in antibody titer between 
acute and convalescent samples is considered di¬ 
agnostic. Most serological assays for EEE and VEE 
viruses tend to be quite specific, but low-level cross¬ 
reactivity may be noted between WEE and SIN vi¬ 
rus antigens. 298 

Isolation of virus is critical to permit differentia¬ 
tion of viral subtypes within the VEE virus complex. 
VEE, WEE, and EEE viruses can only be isolated 
from serum samples taken within the first several 
days of illness. However, virus may be isolated from 
throat swabs from individuals infected with VEE 
virus 302 even after viremias have fallen below detect¬ 
able levels. Isolation of virus from throat swabs has 
been used successfully for the identification of VEE 
virus infections in troops stationed in Panama. 243,244 
Isolations can be made in suckling mouse brains or 
in Vero cell cultures with about equal sensitivity. 
Isolates can be identified by using a variety of tech¬ 
niques but most commonly by cross-neutralization 
tests or immunofluorescence. Newer methods of 
virus identification, including polymerase chain 
reaction and real-time fluorogenic 5'-nucleases as¬ 
says, show great promise and are now becoming 
available outside the research setting. 

Recommendations for Therapy and Control 

No specific therapy exists for treating the equine 
encephalitides. Therefore, treatment is aimed at 
managing specific symptoms. Antipyretics and an¬ 
algesics will help to relieve the fever, headache, and 
myalgias. In encephalitic cases, anticonvulsants can 
be used to control seizures, and intravenous man¬ 
nitol or corticosteroids may be used to control brain 
edema. 

Control of the equine encephalitides is best ac¬ 
complished through detailed knowledge of viral 
activity in deployment areas combined with judi¬ 
cious use of vaccination before deployment into 
endemic or epidemic areas. The US Army has ex¬ 


tensive experience with a live-attenuated vaccine 
for VEE used as an investigational new drug product 
in humans; it produces moderate-to-strong virus- 
specific antibody responses in 80% of recipients. 
However, this vaccine (TC-83) is reactogenic, causing 
flu-like symptoms in approximately 20% of recipi¬ 
ents. TC-83 should not be administered to pregnant 
women because of the possibility of teratogenic ef¬ 
fects. 303,304 Long-term protection against only subtypes 
IA/B and IC can be expected. The magnitude or 
duration of a cross-protective response to heterolo¬ 
gous subtypes is unknown. 

Formalin-inactivated vaccines for human use 
exist for VEE, WEE, and EEE viruses. While the in¬ 
activated VEE vaccine has been shown to be a strong 
immunogen, it is currently being used only to boost 
TC-83 nonresponders. The WEE and EEE vaccines 
are weakly immunogenic and require multiple in¬ 
jections and regular boosters to develop and main¬ 
tain protective antibody responses. Because of the 
problems associated with both the live and killed 
vaccines, it is doubtful that vaccination of rapidly 
deploying troops would be possible with any of the 
currently available vaccines. Like the TC-83 vaccine, 
these inactivated vaccines are only available as in¬ 
vestigational products. 

Environmental control of VEE, WEE, and EEE is 
a viable option under certain conditions. Interrup¬ 
tion of secondary transmission cycles involving 
horses and other secondary vector species is likely 
to be the most efficient method of preventing or 
controlling epidemic spread of VEE virus. Because 
epidemic VEE is amplified by equines, vaccinating 
these animals with TC-83 has been used effectively 
to control outbreaks. Similar control of endemic 
VEE, WEE, and EEE is probably not possible because 
horses do not serve as major amplifying hosts for 
the viruses that cause these diseases. Widespread 
mosquito control through the use of insecticides, 
biological control, and source reduction is effective 
during epidemic episodes but is probably ineffec¬ 
tive for the control of endemic viruses because of 
the difficulty in identifying restricted endemic foci. 
In the absence of vaccination or other environmen¬ 
tal control procedures, educational programs that 
reduce mosquito biting rates and increase use of 
personal protective measures, such as use of insect 
repellents, bed nets, appropriate clothing, and win¬ 
dow screens, are the most effective means of infec¬ 
tion control. 

Preventing the equine encephalitides will require 
prior knowledge of their presence in deployment 
areas coupled with personal protection and use of 
insect control measures. Currently available inves- 
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tigational vaccines can be used effectively if they 
are administered with sufficient time (1 to 2 weeks) 
for recipients to recover from sometimes deleteri¬ 
ous reactions and for administration of booster im¬ 
munizations when necessary. Vaccination of service 
members should be considered when they deploy 
to endemic or epidemic areas. If operational require¬ 
ments dictate vaccination, the Director of the Re¬ 
search Area Directorate, Medical, Chemical, and 

TICK-BORNE 

Introduction and Military Relevance 

One of approximately 446 known arboviruses, 
tick-borne encephalitis (TBE) has a wide geographic 
distribution. At times, it has been a devastating and 
socially important epidemic and enzootic disease. 305 
The involvement of US military forces in European 
and Asian regions that are endemic for TBE empha¬ 
sizes the importance of understanding the disease- 
specific interactions of host, virus, and vector that 
result in disease or asymptomatic infection. US mili¬ 
tary personnel represent an immunologically naive 
population who may be required to perform in an 
endemic environment in a manner that maximizes 
their exposure to the tick vector. The combination 
of these factors produces the potential for a high 
rate of morbidity and mortality from TBE. A study 306 
of US service members who trained extensively in 
areas of Central Europe endemic for TBE was con¬ 
ducted in 1985. Although clinical symptoms for TBE 
had not been recognized in this population, three 
individuals were seropositive for TBE, for a 
seroprevalence of 1.5% and an estimated infection 
rate of 0.9/1,000 person-months of exposure. It 
should be noted that the risk of TBE is geographi¬ 
cally focal, even in areas that are considered en¬ 
demic, and the rates of infection in this military 
population may not be widely generalizable. 

TBE was not clinically recognized until 1927 
when Schneider, in southern Austria, described 
patients with seasonal encephalitis, which he 
named "meningitis serosa epidemica." Zilber in 
1937 further characterized this disease in eastern 
Siberia, isolated the virus (Russian spring-summer 
encephalitis virus, now called the Far Eastern sub- 
type of TBE virus), and suggested that the vector 
for this virus was the tick Ixodes persulcatus. In 1954 
the first case of TBE was described in Sweden, and 
TBE virus was isolated from I ricinus ticks (Central 
European encephalitis virus, now known as European 
or Western subtype TBE virus). 307 TBE is considered 
the most important arboviral disease in Central 
Europe. Cases of TBE have been reported from nu- 


Biological Research Program (RAD 4), Fort Detrick, 
Maryland, may be contacted for information on how 
to obtain vaccine. A new, safer, and more effective 
genetically engineered vaccine for VEE is under de¬ 
velopment by the US Army and should be avail¬ 
able in the future. This new vaccine will resolve 
many of the problems inherent with TC-83 and may 
be an effective tool for the control of VEE epidemics. 

[George V. Ludwig] 

ENCEPHALITIS 

merous countries, including Sweden, Finland, Den¬ 
mark, Norway, France, Greece, the Czech Repub¬ 
lic, Slovakia, Hungary, Poland, Romania, Turkey, 
countries of the former Soviet Union and the former 
Yugoslavia, and the federal states of Saarland and 
Rhineland Paltinate in Germany. 308 Other names 
used for this disease include Central European en¬ 
cephalitis, Russian spring-summer encephalitis, 
Fruhsommer-meningoenzephalitis (FSME), diphasic 
meningoencephalitis, biundulant meningoencepha¬ 
litis, diphasic milk fever, Schneider's disease, 
Kumlingesjukan, Roslagssjukan, and Ryssjukan. 

Description of the Pathogen 

TBE viruses are one group of approximately 70 
members of the family Flaviviridae, genus Flavivirus 
(formerly group B arboviruses of the family 
Togaviridae). 309 Flaviviruses have a positive sense 
genomic RNA, which is single-stranded and 
approximately 11 kilobases in length. 310 

The TBE complex is composed of eight major vi¬ 
ral subtypes: tick-borne encephalitis Far Eastern 
subtype, tick-borne encephalitis Western subtype, 
Kumlinge virus, louping ill virus, Omsk hemor¬ 
rhagic fever virus, Kyasanur Forest disease virus, 
Langat virus, and Powassan virus 311-313 (Table 35- 
9). Studies using hemagglutination-inhibition tests 
with monoclonal antibodies to TBE virus revealed 
a close antigenic relationship among all subtypes 
of the TBE complex except for Powassan virus. 314 
Based on hemagglutination-inhibition titers, there 
is a great deal of antigenic similarity among Far 
Eastern TBE virus. Western TBE virus, louping-ill 
virus, and Omsk hemorrhagic fever virus. 

Epidemiology 

Transmission 

TBE infection depends on exposure to the tick 
vector or ingestion of the virus in contaminated milk 
or milk products. Peak morbidity occurs between the 


850 


Diseases Transmitted Primarily by Arthropod Vectors 


TABLE 35-9 

SUMMARY OF CLINICALLY IMPORTANT TICK-BORNE ENCEPHALITIS COMPLEX VIRUSES 


Far Eastern Tick-borne Encephalitis 


Also Known As: 

Russian spring-summer encephalitis (RSSE), Taiga encephalitis. Far East Russian 
encephalitis 

Principal Vector: 

Principal Hosts: 

Ixodes persulcatus tick 

Small mammals (eg, rodents, squirrels), large vertebrates (eg, deer, elk, domestic 
animals); bird infection has also been demonstrated 

Geographic Distribution: 

Far eastern Russia (former USSR provinces of Primorie, Khabarovsk, Krasnojarsk, 
Altai, Tomsk, Omsk, Kemerovo, Ural, Priural, and western Siberia) 

Seasonal Transmission: 

Incubation Period in Humans: 

Severity of Disease: 

Major Clinical Manifestations: 

May to August 

10 to 14 d 

Severe 

Fever, headache, nausea, meningeal irritation with aseptic meningitis; flaccid 
lower motor neuron paralysis of upper extremities and bulbar centers; may be 
indistinguishable from poliomyeltis 

Case Fatality Rate: 

8%-54% 


Vaccine Available: Yes 

Western Tick-borne Encephalitis 


Also Known As: 

TBE, Central European TBE (CEE), Czechoslovak TBE, diphasic milk fever, biphasic 
meningoencephalitis 

Principal Vector: 

Principal Hosts: 

Ixodes ricinus tick 

Small mammals (eg, rodents), large vertebrates; unique is infection of and trans¬ 
mission of virus in the milk of goats, sheep, and cows 

Geographic Distribution: 

Czech Republic, Slovakia, Austria, Bulgaria, Romania, former Yugoslavia, Hun¬ 
gary, former USSR, Finland, France, Germany, Greece, Italy, Sweden, Switzerland 

Seasonal Transmission: 

Incubation Period in Humans: 

Severity of Disease: 

Major Clinical Manifestations: 

Spring, summer, autumn 

7 to 14 d 

Moderate 

A monophasic or biphasic illness characterized by fever, headache, nausea, 
anorexia, with the development of aseptic meningitis, encephalitis, or encephalo¬ 
myelitis; remission can occur 4 to 5 d into illness but is followed by neurologic 
involvement (2 nd phase); long-term neurologic complications are infrequent 

Case Fatality Rate: 

Vaccine Available: 

l%-5% 

Yes 

Powassan Encephalitis 


Also Known As: 

Principal Vector: 

Principal Hosts: 

Geographic Distribution: 
Seasonal Transmission: 

Incubation Period in Humans: 

Major Clinical Manifestations: 

POW 

I marxi, I cookei, I spinipalpus, Dermacentor andersoni ticks 

Squirrels, porcupines, groundhogs 

North America, Russia, Asia 

Spring, summer 

1 or more wks 

Fever, headache, sore throat, somnolence, encephalitis; long-term neurologic 
complications can occur, including hemiplegia 

Severity of Disease: 

Case Fatality Rate: 

Vaccine Available : 

Severe 

10.5% 

No 
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Louping Ill 


Also Known As: 


Principal Vector: 

I ricinus tick 

Principal Hosts: 

Small mammals, cattle, pigs, deer, sheep 

Geographic Distribution: 

England, Scotland, Wales 

Seasonal Transmission: 

Spring, summer 

Incubation Period: 

1 or more wks 

Severity of Disease: 

Mild 

Major Clinical Manifestations: 

Fever, lymphadenopathy, flu-like illness with development of mild meningoen¬ 
cephalitis without neurologic complications 

Case Fatality Rate: 

Minimal 

Vaccine Available: 

Yes 

Kyasanur Forest Disease 


Also Known As: 


Principal Vector: 

Haemaphysalis spinigera tick 

Principal Hosts: 

Small vertebrates 

Geographic Distribution: 

Karanataka State, India 

Seasonal Transmission: 

Dry season (January-April) 

Incubation Period in Humans: 

1 or more wks 

Major Clinical Manifestations: 

Fever, headache, pulmonary infiltrates, gastrointestinal hemorrhage; biphasic 
illness may occur with the development of meningoencephalitis 

Severity of Disease: 

Severe 

Case Fatality Rate: 

10.5% 

Vaccine Available: 

No 

Omsk Hemorrhagic Fever 


Also Known As: 


Principal Vector: 

D reticulatus, D marginatus, and Ixodid ticks 

Principal Hosts: 

Wild muskrats 

Geographic Distribution: 

North America, Russia, Asia 

Seasonal Transmission: 

Spring, summer, autumn 

Incubation Period in Humans: 

3 to 7 d 

Major Clinical Manifestations: 

Headache, biphasic fever, hemorrhage of the nose and gastrointestinal tract, 
pneumonia, rash 

Severity of Disease: 

Moderate 

Case Fatality Rate: 

0.5%-3% 

Vaccine Available : 

Yes 


Adapted from: Gresfkova M, Calisher CH. Tick-borne encephalitis. In: Monath TP, ed. The Arboviruses: Epidemiology and Ecology. Vol 
4. Boca Raton, Fla: CRC Press; 1989: 177-198. 


ages of 15 and 40 years, with females at equal risk to 
males in populations where tick exposure is not sex 
biased. People living in rural areas are at higher risk. 
The most frequently infected individuals are forest 
workers, farmers, and vacationers traveling into 
endemic areas. Western subtype TBE can be acquired 


orally by consuming contaminated milk and milk 
products. Transmission via the milk of cows, sheep, 
and goats has been responsible for several outbreaks 
of this disease. Infection by the oral route presents as 
a milder form of illness than does infection by ticks. 

The principal vector of Far Eastern TBE and Western 
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TBE are the ticks I persulcatus and I ricinus, respec¬ 
tively. Seasonal I persulcatus activity in far eastern 
Russia begins at the end of April and lasts until 
June. Tick infection rates with TBE have ranged 
from 3.4% to 9.4%. 315 Activity of I ricinus in Europe 
has two peak seasons, April through May and 
September through October. In certain geographic ar¬ 
eas, peak tick activity may occur in June and Au¬ 
gust, with less activity in July. TBE infection in these 
ticks ranges from 0.07% to 6%. 316 Western TBE vi¬ 
rus has been isolated from other ticks, including I 
trianguliceps, I arboricola, Haemaphysalis inermis, H 
punctata, and Dermacentor marginatus. 312 The life 
span of these ticks is approximately 3 years. Their prin¬ 
cipal hosts are small mammals, such as hedgehogs, 
shrews, and moles. 317 The high level of viremia 
achieved in these animals after infection maintains 
an ideal TBE virus reservoir. Large vertebrates, such 
as domesticated animals and humans, are inciden¬ 
tal hosts and contribute little toward maintaining 
the virus in the environment. 

A noninfected tick becomes infected with TBE 
virus after taking an infected blood meal (Figure 
35-15). One to twenty-five days after infection, vi¬ 
rus can be found in the gut, salivary glands, and 
ovaries of the tick. 318 Laboratory studies document 
prolonged viral persistence up to 9 months after in¬ 
fection. Virus is amplified in the tick population by 
transovarial transmission, by sexual transmission 
from infected male ticks to females, and by 
cofeeding of an uninfected tick with an infected tick 
on a nonviremic host. 319-321 Transstadial transmis¬ 
sion (eg, nymph to larva, larva to adult tick) also 
occurs. The virus is transmitted to the vertebrate 
host by infected saliva; the efficiency of viral trans¬ 
mission depends on the length of feeding. Adults 
are more effective transmitters than nymphs and 
larvae. Feeding of infected ticks on birds, though 
documented, is of unknown epidemiologic signifi¬ 
cance. Under laboratory conditions, bats can be in¬ 
fected with TBE virus and maintain viremia for long 
periods. 312 

Western TBE virus can be isolated in the milk of 
infected goats, sheep, and cows 1 to 7 days after 
acute infection and transmitted to humans by the 
ingestion of raw infected milk or cheese. 322-326 This 
virus has been shown to be infectious in milk, as 
well as sour milk and cheese, for as long as 2 weeks 
at 4°C and in butter for 60 days at 4°C. 312 

Geographic Distribution 

I persulcatus is the principal vector for Far Eastern 
subtype TBE and occurs in the far eastern part of 



Fig. 35-15. The transmission cycle of tick-borne en¬ 
cephalitis showing the tick larvae becoming infected 
by feeding on a viremic host or by cofeeding with an 
infected larvae tick. Virus infection can occur through¬ 
out the life cycle of the tick by feeding on an infected 
host or by vertical transmission to its progeny. Infection 
and subsequent viremia of larger vertebrates perpetuate 
the transmission of virus to nymph and adult tick stages 
and eventually back to the host reservoir. As demon¬ 
strated, humans are dead-end hosts and do not contrib¬ 
ute to the transmission cycle of TBE and become infected 
by the bite from an unfed infected adult tick or by drink¬ 
ing infected milk. 

Reprinted with permission from: Fields BN, Knipe DM, 
Howley PM, eds. Fields Virology. 3rd ed. Philadelphia: 
Lippincott-Raven; 1996: 994. 


Russia. The distribution of Western subtype TBE 
correlates to that of its principle tick vector, I ricinus ; 
the disease occurs throughout the European part of 
Russia, Scandinavia, France, Germany, Poland, 
Austria, Switzerland, Italy, Romania, Hungary, 
Bulgaria, the Czech Republic, Slovakia, and the 
countries of the former Yugoslavia. 327 The most 
frequent occurrence of TBE and its tick vector is 
associated with humid, marshy, densely wooded 
areas. 

Ixodes tick activity is greatest at an average 
temperature of 8°C to 11 °C and an annual average 
rainfall of 800 mm. 316 
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Incidence 

Incidence rates of TBE are dependent on the de¬ 
gree of endemicity of the specific country, as well 
as geographic and meteorological conditions that 
affect the tick vector. The highest incidence of TBE 
is reported to be of the Far Eastern subtype from 
western Siberia, at an annual incidence of 11.7/ 
100,000. The Ural mountain area has an incidence 
of 6.6/100,000. 311 An epidemiologic study of TBE 
performed in the Tribec region of Czechoslovakia 
(a highly endemic area for TBE) during the years 
1953 to 1963 described an 11-year mean incidence 
of 19.3/100,000 and a peak incidence of 107.9/ 
100,000 during 1955. 328 The highest age-specific in¬ 
cidence occurred in the 10- to 14-year-old age group, 
with an incidence of 33.2 /100,000. Adult farmer and 
forestry workers were the occupational group at 
highest risk, with a rate of 21.3/100,000. TBE in this 
region coincided with the activity of the tick vec¬ 
tor, which started in April and peaked during June. 
Incidence rates declined after June, with no cases 
seen after September. Of 67 patients infected with 
TBE during 1960 to 1963, 55.3% reported tick bite 
exposure only, 8.9% goat milk consumption only, 
and 22.3% both tick bite exposure and goat milk 
consumption; 13.5% had an unknown exposure. In 
1,037 acute neurological cases observed in Hungary 
from 1963 to 1965, TBE was serologicaly confirmed 
in 23% of patients with encephalitis and 10% of 
patients with aseptic meningitis. 329 Germany, Swit¬ 
zerland, and Yugoslavia reported between 10 and 
140 cases per year during the 1980s. Sweden expe¬ 
riences between 50 and 80 cases per year, with cases 
restricted to the archipelagoes and the coastal ar¬ 
eas of the Baltic Sea. Austria experienced 400 to 700 
cases per year in the 1980s, which declined to 81 
cases per year after an active TBE campaign that 
vaccinated more than 5 million inhabitants. 307 

Serological surveys suggest that about 50% of 
TBE infections are subclinical. In endemic areas, 
seropositivity has been noted to reach 50% to 63% 
in individuals older than 55 years of age. 312 In a 
serosurvey conducted in Sweden, 307 clinical disease 
was estimated to have occurred in 6% against a 
background seroprevalence of 22%. In subpopulations 
with no clinically apparent TBE, the seroprevalence 
rate ranged between 4% and 12%. 

Pathogenesis and Clinical Findings 

The pathogenesis of this disease and reasons for 
asymptomatic versus severe disease are not known. 


Far Eastern TBE 

The Far Eastern subtype of TBE is the more se¬ 
vere clinical form of TBE, which manifests itself with 
the sudden onset of high fever, severe headache, 
nausea, vomiting, and photophobia after a 10- to 
14-day incubation period. 312 An aseptic meningitis 
develops, which is manifested by nuchal rigidity 
and which progresses to changes in mentation and 
sensorium; this heralds the onset of encephalitis. 
Long-term neurologic sequelae can occur, such as 
hemiparesis, hemiplegia, and chronic progressive 
encephalitis, which may have an onset more than 
10 years after primary infection. 330 Other complica¬ 
tions of Far Eastern TBE infection include lower 
motor neuron paralysis, beginning with the upper 
extremities and progressing to the neck muscles and 
bulbar centers. Far Eastern TBE can present as a 
highly fatal (case-fatality rate of 29.2%) poliomy¬ 
elitis type illness in 20% of cases. 331 Long-term re¬ 
sidual complications of this form of TBE are spastic 
paresis of the lower extremities, epilepsy, and 
chronic encephalitis. 

Western TBE 

The Western subtype of TBE is the milder form 
of TBE and has a relatively low case-fatality rate of 
1% to 5% 312 The incubation period is usually 7 to 14 
days, though it may be as long as 28 days. Initial 
symptoms include headache, nausea, vomiting, 
anorexia, hyperesthesia, photophobia, and fever. 
The illness can also be biphasic. The first phase of 
illness lasts 4 to 6 days, followed by a variable pe¬ 
riod without symptoms. The second phase, which 
affects about 35% of cases, begins with spread of 
the virus to the central nervous system, manifested 
by a return of fever and the development of aseptic 
meningitis. 307 Long-term neurologic sequelae are 
uncommon, but complications of monoplegia and 
sensorineural deafness have been described. 332 

Powassan Encephalitis 

Powassan encephalitis was first clinically described 
and the virus (POW virus) isolated from the brain of 
a child from Powassan, northern Ontario, who died 
of encephalitis in September 1958. Subsequent studies 
revealed that the virus was a member of the tick-borne 
flaviviruses closely related to TBE virus. POW virus 
has been isolated from four species of North American 
ticks: I cookei, I marxi, I spiniplapus, and D andersoni. 333 
POW virus has also been isolated in Russia from the 
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following ticks: H neumanii, I persulcatus, and D 
silvarum. It is found in variety of small, wild 
vertebrates and in domesticated animals, such as dogs, 
cats, horses, cattle, and goats. POW virus has also been 
isolated in several species of birds in Russia and North 
America. The geographic distribution of POW virus 
is widespread in North America, with virus having 
been isolated in animals from Ontario, California, 
Colorado, Connecticut, Massachusetts, New York, 
South Dakota, and West Virginia. POW virus has also 
been demonstrated in Russia, China, and parts of 
Southeast Asia. 334 

Humans are incidental hosts for the infected ticks, 
and after an incubation period of 1 or more weeks, 
the clinical symptoms of fever, sore throat, headache, 
somnolence, disorientation, and nuchal rigidity 
occur. 334 Encephalitis, meningoencephalitis, or aseptic 
meningitis develop, with a case-fatality rate of 10.5%. 
There may be long-term residual neurologic deficits, 
including hemiplegia, muscle atrophy, and spasticity. 
The incidence of Powassan encephalitis is extremely 
low in North America; there have been 19 confirmed 
infections and no cases since 1981. 333 Patients 
vaccinated with TBE virus vaccine had low-titered 
cross-reactivity to POW virus at a level insufficient 
for protection. 

Louping III 

Louping ill virus is part of the TBE complex and 
is primarily a disease of sheep in Great Britain. 335 
Infection can also occur in cattle, pigs, and deer. The 
virus is transmitted by the bite of the tick I ricinus. 318 
Infection in humans can occur by the bite of infected 
ticks or by contact with infected tissues of diseased 
animals. Butchers and veterinarians are at highest 
risk for acquiring infection. Human disease presents 
with fever, lymphadenopathy, and flu-like symp¬ 
toms. A mild meningoencephalitis can occur, but 
neurologic complications are rare. 334 The case-fatal¬ 
ity rate is extremely low. A formalin-inactivated 
vaccine is available for animals and humans who 
are at high risk of exposure. 

Omsk Hemorrhagic Fever 

Omsk hemorrhagic fever is a subtype of the TBE 
complex described in the Omsk province of the former 
Soviet Union. The spring-summer pattern of disease 
depends on the activity of this virus's tick vectors, D 
reticulatus and D marginatus. 8i Ixodes ticks are also 
vectors. There is an incubation period of 3 to 7 days, 
followed by the onset of headache and a biphasic 


fever. Gastrointestinal bleeding and hemorrhage, 
bronchopneumonia, and rash can occur. Case-fatality 
rates are 0.5% to 3%. A vaccine for Omsk hemorrhagic 
fever is available in Russia. 

Kyasanur Forest Disease 

Kyasanur Forest disease (KFD) virus is a subtype 
within the TBE complex first described in 1957 in 
Karnataka State, India. 84 There are approximately 
400 to 500 cases per year there. The highest inci¬ 
dence occurred in 1983: 1,555 cases and 150 deaths, 
producing a case-fatality rate ranging from 5% to 
10%. 336 KFD virus and disease are found in the 
towns of Saga and Sorab in Shimoga District, 
Karnataka State, India. Serological surveys of this 
district demonstrated neutralizing antibody to KFD 
in 2 of 287 individuals tested. Antibodies to KFD 
have been detected in animals and humans from 
the semiarid areas of Saurashtra and Kutch, India, 
which are 700 miles from the KFD focus. 337 The tick 
vector is H spinigera. The virus is maintained in 
small vertebrates; humans and primates are inci¬ 
dental hosts. Clinical disease in humans is mani¬ 
fested by fever, headache, and severe myalgias, but 
gastrointestinal hemorrhage and pulmonary in¬ 
volvement can also occur. A biphasic course of ill¬ 
ness can be seen with an initial prodromal phase, 
followed by a 1- to 2-week period of remission, fol¬ 
lowed by clinical illness. Meningoencephalitis can 
occur with no long-term residual effects. 

Diagnostic Approaches 

The differential diagnosis of early TBE is broad 
and includes a number of etiologies for acute men¬ 
ingitis and early encephalitis, to include Streptococ¬ 
cus pneumonia, Neisseria meningitidis, Listeria 
monocytogenes, herpes simplex 1 and 2, enterovi¬ 
ruses, and adenovirus. As the disease progresses 
and becomes consistent with a viral encephalitis by 
clinical and laboratory findings, the differential of 
potential etiologies narrows but continues to in¬ 
clude viral pathogens such as the ones that cause 
polio, mumps, St. Louis encephalitis. Western 
equine encephalitis, Venezuelan equine encephali¬ 
tis, and lymphocytic choriomeningitis and the hu¬ 
man immunodeficiency virus. Essential to making 
an accurate and expedient diagnosis is an aware¬ 
ness of local disease threats and epidemiology, a 
history of tick bite or exposure or ingestion of un¬ 
pasteurized milk products, and laboratory support 
that can test for TBE. 
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Viral isolation and identification is the gold stan¬ 
dard for diagnosis. TBE virus can be isolated in se¬ 
rum during the viremic phase of illness. All speci¬ 
mens should be stored at -70°C. Virus can also be 
isolated by intracranial inoculation of infected se¬ 
rum or tissue into suckling mice or plaque assay in 
Vero cells. 84,312 Chick embryo cell cultures may also 
be used. Viral isolation in ticks can be accomplished 
by suspending 5 to 10 adult ticks in 1 mL of Eagle's 
medium with 10% heat-inactivated bovine serum. 

Serologic diagnosis is by virus neutralization (the 
most specific method), complement fixation, he¬ 
magglutination inhibition, EIA, or indirect hemag¬ 
glutination. 84,312 IgM antibody capture EIA of serum 
is the test of choice for acute infection. 338 A high IgM 
titer or a 4-fold increase in serum IgG as measured 
by complement fixation or hemagglutination inhi¬ 
bition between acute and convalescent serum pro¬ 
vides convincing evidence for TBE infection. Rapid 
identification of TBE virus by the fluorescent antibody 
technique and an enzyme-linked immunosorbent 
assay have also been described. 339,340 Antibody-based 
assays can give false-positive results due to the 
cross-reactivity of TBE with flaviviruses in general 
and with other flaviviruses within the TBE complex 
in particular. Individuals previously vaccinated 
against yellow fever or Japanese encephalitis may 
also cross-react. Reverse transcription polymerase 
chain reaction has been developed for the rapid 
detection of TBE viruses and offers the opportunity 
for rapid diagnosis with a high degree of sensitiv¬ 
ity and specificity in the field. 341 

Recommendations for Therapy and Control 

Treatment of TBE infection is supportive, with 
emphasis on protecting the airway and providing 
ventilatory support if needed. There is no literature 
for or against the use of steroids. As with other vi¬ 
ral infections, the use of salicylates may be contrain¬ 
dicated in the pediatric population because of the 
risk of Reye's syndrome. A TBE immune globulin 
is available in Austria and Germany for passive 
immunization and preexposure and postexposure 
prophylaxis of TBE (FSME-Bulin, Baxter Immuno 
AG, Austria). This is a hyperimmunoglobulin con¬ 
centrate containing TBE-specific immunoglobulin 
at a titer of 1:640 as measured by hemagglutination 
inhibition. It is reported to be 60% to 70% effective 
when given within 96 hours of exposure; protec¬ 
tion is manifest within 24 hours of administration 
and for 4 weeks thereafter. Four days after expo¬ 
sure, the prophylactic efficacy of TBE immune 
globulin diminishes, and clinical disease may actu¬ 


ally be exacerbated by its administration. 342 TBE 
immune globulin should not be administered for 
28 days (the maximal TBE incubation period) after 
the window of potential benefit. 

Vaccine 

The Far Eastern TBE virus was isolated in 1937 
and developed by Zilber into an inactivated mouse 
brain-derived vaccine used to vaccinate Russian 
troops. In 1950, a vaccine against the western strain 
of TBE was developed by Danes and Benda in 
Czechoslovakia and found to be highly effective in 
human volunteers, causing few hypersensitivity 
reactions. 343 TBE was further modified into a highly 
purified, killed vaccine with few side effects, which 
resulted in the licensure of an Austrian TBE vac¬ 
cine named FSME-Immun. Other inactivated whole 
virus TBE vaccines that are commercially available 
or are in development are the TicoVAC vaccine (Baxter 
AG, Vienna, Austria), Enceput (Behringwerke AG, 
Marburg, Germany), and the Cultural Purified Con¬ 
centrated Inactivated Freeze-dried Tick-borne En¬ 
cephalitis Vaccine (Institute of Poliomyelitis and 
Viral Encephalitides, Moscow, Russia). 344-346 

Trials with FSME-Immun demonstrated antibody 
production in 93% of vaccine recipients after two 
vaccinations and 100% after the third dose. Pyrexia 
occurred in 4% to 10% of recipients, local pain in 
23% to 58%, malaise in 19% to 33%, and headache 
in 14% to 33%. 347 Neutralizing antibodies were 
achieved after a three-dose schedule in all volun¬ 
teers; cross-neutralizing antibodies were present for 
both Far Eastern and Western TBE isolates from 12 
geographic regions and for louping ill virus. 348 A 
multinational phase II study with this vaccine us¬ 
ing two dose schedules (an abbreviated schedule 
with 0.5 mL given intramuscularly [IM] on days 0, 
7, and 21 or the conventional schedule on days 0, 
28, and 300) showed both to be equally immuno¬ 
genic. 349 Active TBE immunization in nonimmune 
volunteers demonstrated an IgG antibody response 
comparable to that seen after natural infection. 350 
Intradermal administration of FSME Immun dem¬ 
onstrated quicker seroconversion and higher anti¬ 
body levels than achieved by intramuscular injec¬ 
tion. 351,352 Serious side effects from FSME Immun are 
rare. Only 15 cases of mild meningoencephalitis and 
1 case of myelitis have been reported. 353 

Side effects with Encepur have been reported and 
include asthenia, back pain, chills, flu syndrome, 
fever, lymphadenopathy, arthralgia, headache, and 
pain at the injection site. 354 Fever following vacci¬ 
nation with this vaccine was a frequent finding 
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though adverse events were less frequently ob¬ 
served following the second dose of vaccination. 355 
Adverse reactions have also been observed with the 
TicoVac vaccine, especially with high fevers in very 
young children who received the vaccine. 356 This 
resulted in the recommendation by Germany's Fed¬ 
eral Agency for Sera and Vaccinations that this vac¬ 
cine not be used in children under 3 years of age. 

Countries that experience high rates of TBE have 
pursued widespread immunization campaigns us¬ 
ing TBE vaccine. 307 Currently, no TBE vaccine is li¬ 
censed by the US Food and Drug Administration 
(FDA). FSME-Immun is available as an investiga¬ 
tional new drug with the FDA under a protocol filed 
by the US Army Medical Research and Materiel 
Command. Under this protocol, vaccine is available 
to US military personnel going to TBE-endemic ar¬ 
eas and considered to be at high-risk for infection. 357 

The current recommended vaccination schedule 
of FSME-Immun consists of a 0.5 mL intramuscu¬ 
lar (IM) dose at days 0 and 28 and at 1 year. One 0.5 
mL dose contains 2 pg of viral antigen, 1 mg of 
Al(OH) 3 , less than 0.6 mg of human albumin, less 
than 0.005 mg of formaldehyde, and less than 0.05 
mg of the preservative merthiolate. An abbreviated 
schedule of 0.5 mL IM at days 0, 7, and 21 may be 
used with equal efficacy. 342 An accelerated sched¬ 
ule was used in US military deployed in Bosnia 
using a three-dose schedule delivered at 0, 7, and 
28 days with an 80% seroconversion rate. 357 Few side 


Introduction and Military Relevance 

Sandfly fever is a self-limited, febrile, viral ill¬ 
ness transmitted by biting flies of the genus Phle¬ 
botomies. 358 It occurs in Africa, Europe, and Asia with 
seasonal incidence peaking between April and Oc¬ 
tober. 359 The military significance of sandfly fever 
is magnified because its short incubation period 
makes it capable of rendering large numbers of 
nonimmune service members ineffective during an 
operation while the native populace remains largely 
immune and unaffected. 360,361 Sandfly fever has at¬ 
tacked nonimmune troops in epidemic proportions 
when they are stationed in an area where the virus 
is endemic. 

Accounts by British military surgeons during the 
19th century of epidemic febrile illness among Brit¬ 
ish troops stationed in various locales around the 
Mediterranean Sea have been cited as accurate clini¬ 
cal descriptions of sandfly fever. 362-364 In 1905, 
Taussig 365 provided epidemiologic evidence to sup- 


effects were noted with this dosing schedule with a 
0.18% rate of self-limited symptoms. Intradermal ad¬ 
ministration has been demonstrated to be more effec¬ 
tive than intramuscular dosing. 351,352 A booster dose 
of the IM vaccine is recommended every 3 years. 312 

Current contraindications for the administration of 
TBE vaccine include having an acute febrile illness or 
having a history of allergies to any of the vaccine 
components, including egg albumin. A merthiolate- 
free vaccine is available for patients allergic to this 
chemical. The vaccine is safe for pregnant and 
lactating women. 

Personal Protection 

Personal protection is the mainstay to prevent 
TBE infection. Insect repellent with DEET (N,N- 
diethylmeta-toluamide), permethrin-impregnated 
clothing, long shirts worn with cuffs buttoned, pants 
worn tucked into boots, and daily tick surveys are 
all effective measures. Avoidance of unpasteurized 
milk and milk products is also recommended. Tick 
control by insecticide spraying of local endemic 
areas has also been effective in eradicating the tick 
and the virus. 

Preparation of safe milk products requires 30 
minutes or more of pasteurization at 65°C, pasteur¬ 
ization at 80°C for 1 minute, or boiling for longer 
than 1 minute. 

[Timothy P. Endy] 

FEVER 

port the popularly held belief that the midges 
known as pappataci flies (Phlebotomus papatasi) were 
connected with the 3-day fever that afflicted Aus¬ 
trian troops every summer by the Adriatic Sea. The 
disease was commonly called pappataci or phle¬ 
botomus fever. 

In 1909, the etiologic agent of sandfly fever was 
identified in the classic investigations by the Aus¬ 
trian military commission of Doerr, Franz, and 
Taussig. 366 These investigators reproduced the dis¬ 
ease in humans by inoculating volunteers living in 
areas free from the disease with blood obtained 
from patients on the first day of fever. The Austrian 
commission also established that the infectious 
agent was filterable and that P papatasi was the vec¬ 
tor of the illness. 

Description of the Pathogen 

The agent. Sandfly fever virus, belongs to the 
family Bunyaviridae, genus Phlebovirus. 367 Like other 
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viruses in Bunyaviridae, Sandfly fever virus pos¬ 
sesses negative-sense, single-stranded RNA seg¬ 
ments designated as small (S), medium (M), and 
large (L). It has three major structural proteins: two 
surface glycoproteins encoded by the M segment 
that project from the virion's lipid bilayer envelope 
and a nucleocapsid protein encoded by the S segment. 

Sandfly fever virus is recovered most easily in 
Vero cells, where it demonstrates both cytopathic 
effect and plaques under agar. Field isolates of 
Sandfly fever virus have demonstrated poor infec- 
tivity in various laboratory animals in previous 
studies. These studies have failed to demonstrate 
pathogenicity of the virus for mice, hamsters, rats, 
rabbits, guinea pigs, or monkeys. 367-370 Although 
intracerebral injection of Sandfly fever virus is le¬ 
thal to suckling mice, similar effects in adult mice 
can be demonstrated only after serial passage and 
adaptation to mouse brain. 

Seminal investigations by Sabin in the 1940s dem¬ 
onstrated that two virus isolates, from Sicily and 
Naples, were antigenically distinct. Cross-protec¬ 
tion experiments 371 demonstrated that immunity is 
strain-specific (Naples vs. Sicilian) and that a single 
infection gives solid protection against the same 
antigenic type. That is to say, patients are immune 
to subsequent intravenous challenge with homolo¬ 
gous wild-type Sandfly fever virus. Sabin's chal¬ 
lenge experiments also demonstrated the duration 
of immunity to be at least 9 years. A seroprevalence 
study 372 demonstrating the longevity of neutralizing 
antibody following natural infection with a given 
strain suggests that immunity is probably lifelong. 

There are more than 20 viral isolates from 
phlebotomine flies in both the Eastern and Western 
hemispheres that are antigenically related to 
Sandfly fever virus and that cause infrequent cases 
of human disease. 373-375 Toscana virus represents a 
Phlebovirus strain that is distinct from, albeit related 
to, Naples serotype 376 and that has been reported 
as a cause of aseptic meningitis in Portugal, 377,378 
Cyprus, 379 and the Tuscany and Marche regions of 
Italy. 380 Sandfly fever virus Sicilian and Naples, 
however, are the two most important strains epide- 
miologically, both having caused recurrent epidem¬ 
ics among military populations. 

Epidemiology 

Transmission 

The deployment of military service members to 
a foreign country entails their intimate contact with 
its natural environment, which may include sand 


flies. The destruction of property and breakdown 
in public health measures that inevitably accom¬ 
pany warfare are important epidemiologically, as 
has been shown by the frequent clustering of sandfly 
fever cases around areas of rubble and debris—good 
breeding habitats for Phlebotomies species. 

The sand fly seeks a blood meal in the early 
evening and is small enough to penetrate mosquito 
netting. The extrinsic incubation period in the vec¬ 
tor is approximately 7 to 10 days. Although the fly 
will take a blood meal from a variety of species (eg, 
humans, cattle, canines, equines, birds), 381 the vi¬ 
rus and its vector may also persist via autogeny (the 
ability to lay eggs in the absence of a blood meal). 
Despite demonstration of infection by Sandfly fe¬ 
ver group viruses in some animals, 373 a vertebrate 
reservoir has yet to be demonstrated. Serosurveys 
have suggested that small mammals may have an¬ 
tibody to certain viral strains, but the significance 
of this finding to the maintenance of the disease is 
uncertain. 382 During epidemics, humans may also 
serve as viremic vertebrate hosts in a human-P/z/e- 
botomus-human cycle. The virus is vertically, or 
transovarially, transmitted in sand flies, 383-385 a phe¬ 
nomenon that is important to the maintenance of 
endemic disease, but decline of virus infection rates 
in successive generations suggests that these agents 
may not be maintained indefinitely in the insect 
vector by this mechanism. 386 

Sandfly fever occurrence is distinctly seasonal, 
with the highest incidence occurring during the late 
spring and summer months, depending on the pre¬ 
vailing temperatures and timing of the rainy sea¬ 
son. 387 This distinct seasonality probably accounts 
for the lack of reported cases during the Persian 
Gulf War in northern Saudi Arabia and southern 
Iraq. The virus can overwinter either via transovarial 
transmission 388 or diapause in the fourth larval 
stage. 389 

Geographic Distribution 

Sandfly fever has a wide geographic distribution 
in those parts of Europe, Africa, and Asia between 
20° and 45° North latitude, reflecting the range of P 
papatasi . 359,390 This vector breeds in dry, sandy areas 
near rubble or debris and in the nooks and ceiling 
corners of buildings. The disease persists mainly in 
the lower altitudes of subtropical and tropical coun¬ 
tries in which there are long periods of hot, dry 
weather. 

Studies 373,391-393 have discovered other phlebo-vi- 
ruses that are serologically related to Naples and 
Sicilian types and are broadly distributed in Eurasia 
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and the Americas. These viruses have been recovered 
from phlebotomine flies of the genus Lutzomyia, as 
well as from mosquitoes. Several of these phlebo- 
viruses (eg, Chagres, Alenquer, Candiru, Punta Toro 
viruses) may cause a nonspecific febrile illness in 
humans similar to sandfly fever. 394-396 

Incidence 

The recurrent problem with phlebotomus fever 
in the earlier half of this century prompted study 
by several British military commissions. 397 During 
World War II, there were 19,000 cases of sandfly fe¬ 
ver, with the highest incidence reported in the 
Middle East theater. Attack rates were 3% to 10% 
of all troops, although in some units the attack rate 
was greater than 50%. During the Sicily campaign 
in the summer of 1943, the 7th US Army sustained 
approximately 8,500 cases of sandfly fever, consti¬ 
tuting more than half of the medical battalion's 
workload once the number of casualties dropped 
off after the first 10 days of the invasion. In the Per¬ 
sian Gulf Command, the attack rates were 50% 
higher than those in the Middle East as a whole and 
reached a peak of 235 cases per 1,000 men in Au¬ 
gust 1942. These epidemics instigated a US Army 
investigation in 1943 and 1944 led by Major Albert 
Sabin. 370 

The disease can also be a problem for hospital 
personnel, as was illustrated by four hospital-cen¬ 
tered outbreaks in the Middle East during World 
War n. 360,387 In these epidemics, 25% of all doctors 
and nurses and nearly 100% of other hospital per¬ 
sonnel were affected. Twenty percent of the nearly 
2,000 patients admitted with other diagnoses con¬ 
tracted sandfly fever while in the hospital. 

Outbreaks in the 1980s in United Nations troops 
in Cyprus 398 and Russian soldiers in Afghani¬ 
stan 360,399 demonstrate sandfly fever's continued 
potential for significant morbidity. The fact that 
both Sicilian and Naples strains are distributed 
widely in the Middle East, which has been a focal 
point of American economic and political policy for 
the past quarter century, reemphasizes this disease's 
military relevance. 

Pathogenesis and Clinical Findings 

The clinical manifestations of sandfly fever were 
extensively documented by Sabin in the 1940s. 369 In 
the course of experimentally inducing more than 
100 cases of sandfly fever, Sabin and his coworkers 
demonstrated the clinical illness as well defined and 
self-limited (hence the name "3-day fever"), hav- 
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PFU: Plaque-forming units 

Fig. 35-16. The temporal correlation of fever (degrees 
Fahrenheit), neutropenia (granulocytes x 10 3 cells/mm 3 ), 
and viremia (PFU / ml) in a typical course of sandfly fever. 

ing a very predictable clinical course, and with no 
mortality or sequelae. 370 Indeed, the relatively uni¬ 
form nature of the classic febrile syndrome of 
sandfly fever has made it a model in the study of 
viral and febrile illnesses. 400 After an incubation 
period of 2 to 6 days, a fever of 39°C (102°F) or 
higher develops in two thirds of patients (Figure 
35-16). The duration of fever is from 1 to 4 days in 
85% of patients and is accompanied by a frontal or 
retroorbital headache, malaise, myalgias, anorexia, 
lymphopenia, and viremia. In addition, many will 
also have low back pain, photophobia, and nausea. 
A smaller percentage may suffer from arthralgias, 
odynophagia, or vomiting. Infrequently, a patient 
may experience abdominal pain lasting 1 to 2 days. 
On physical examination, persons with sandfly fe¬ 
ver appear flushed and often have conjunctival in¬ 
jection (Figure 35-17). 

The most distinctive laboratory feature of sandfly 
fever is leukopenia, which occurs in approximately 
90% of patients. 400,401 Characteristically, on the first day 
of fever there is a normal total white blood cell (WBC) 
count with an absolute lymphopenia (400-900 cells per 
milliliter) and a corresponding increase in neutrophils, 
including immature forms. Within 2 to 3 days of reso¬ 
lution of the fever, a leukopenia averaging 3,000 WBC 
per milliliter (range 2.5-3.5 x 10 3 WBC per milliliter) 
develops as neutrophils diminish and lymphocytes 
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Fig. 35-17. Although neither specific nor universal for 
sandfly fever, this patient's conjunctival injection illustrates 
why the disease earned the appellation "Hundskrankeit" 
(hound fever) when first characterized by Taussig. This 
stage of the illness renders the patient bedridden for 2 to 4 
days and is accompanied by moderately severe fever, chills, 
headache, myalgias, and malaise. 

Photograph: Courtesy of Dr. David McClain. 

Taussig S. Die Hundskrankheit, endemischer Magan- 
katarrh in der Herzegowina. Wien Klin Wchnschr. 
1905;18:129-136,163-169. 

increase their relative percentages in the differential 
WBC count. Slight decrements in patients' platelet 
counts, as well as mild elevations of the liver tran¬ 
saminases and alkaline phosphatase, may also occur 
during the febrile period and rapidly return to nor¬ 
mal after cessation of fever. 

Toscana virus has been clearly implicated in sum¬ 
mer cases of aseptic meningitis, although it also 
causes subclinical or asymptomatic infections. 402,403 
Both the clinical and cerebrospinal fluid findings 
in these meningitis cases were those of a viral syn¬ 
drome with aseptic meningitis, with no specific fea¬ 
tures to distinguish them from enteroviral or other 
viral etiologies. Assertions that other serotypes of 
the Sandfly fever virus group may cause meningitic 
inflammation remain unproven. 404 

Diagnostic Approaches 

Given the relatively nonspecific nature of the 
clinical illness, sandfly fever must be suspected 
when patients in an endemic area have a short-lived 


(2 to 4 days) viral syndrome with prominent fever, 
malaise, and headache. Epidemic illness among 
expatriates that spares most of the native populace 
is especially suggestive. Viremia is relatively low 
titer (1-3 log 10 plaque-forming units) and runs con¬ 
currently with the fever; it is within the sensitivity 
of classic viral isolation procedures or polymerase 
chain reaction but not detectable by antigen-cap¬ 
ture enzyme-linked immunosorbent assay (ELISA). 
Serologic diagnosis may be made by detecting a 4- 
fold rise in neutralization or ELISA titers between 
acute and convalescent sera or by the demonstra¬ 
tion of IgM antibody acutely. Both ELISA and neu¬ 
tralizing antibodies appear within 2 weeks after 
acute infection. 368 

Recommendations for Therapy and Control 

Palliation for the clinical symptoms of sandfly 
fever may be achieved with antipyretics and anal¬ 
gesics. Despite its in vitro activity against the vi¬ 
rus, oral ribavirin failed to prevent the disease 
(McClain DJ, Summers PL, Byrne R, Huggins JW, 
unpublished data, 1997). 

The most useful countermeasure against sandfly 
fever at present remains vector control of Phlebotomus 
species. Pesticides were effectively used in Italy after 
World War II to control the transmission of the virus. 372 
The larvae develop in shaded microhabitats that con¬ 
tain their requirements for darkness, humidity, and 
organic matter. 405 Therefore, pesticide control should 
target areas such as stables, poultry houses, animal 
burrows, and crevices in rock and masonry. For ex¬ 
ample, the spraying of animal burrows and termite 
mounds with cyfluthrin will provide short-term area 
control of adult sand flies. 406 The flight range of sand 
flies is limited to a few hundred meters from their 
breeding and resting sites, often resulting in a rather 
focal distribution. 407 Notably, the mesh in mosquito 
netting is too big to exclude sand flies. Using 
permethrin-treated screens is only partially effective 
in reducing sandfly populations within a dwelling. 408 

Although experience with a related Phlebovirus- 
caused disease. Rift Valley fever, indicates that a 
vaccine that induces neutralizing antibody will pro¬ 
tect against disease, 409 at present there is no avail¬ 
able sandfly fever vaccine. 

[David J. McClain] 


LYME DISEASE 

Introduction and Military Relevance disease (Figure 35-18). Both European and Ameri¬ 

can literature describe a wide array of clinical symp- 
Lyme disease is a rapidly emerging infectious toms associated with those of Lyme disease since 
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Year 


Fig. 35-18. The number of reported cases of Lyme dis¬ 
ease by year in the United States, 1982 through 1998. 
Source: Centers for Disease Control and Prevention. Sur¬ 
veillance for Lyme disease—United States, 1992—1998. 
MMWR. 2000;49(SS03): 1-11. 


the 1900s. 410,411 Since the initiation of surveillance 
by the Centers for Disease Control in 1982 and its 
designation as a nationally notifiable disease in 
January 1991, Lyme disease has become the most 
common vector-borne disease in the United States. 412 
The relative ease of contracting this tick-borne 
spirochetal disease, difficulties in its diagnosis, con¬ 
troversies in its management, and occurrence of de¬ 
bilitating manifestations in chronic Lyme disease 
and post-Lyme syndrome make this disease a sig¬ 
nificant public health issue for both civilians and 
the military. 

US military personnel are at increased risk for 
contracting this disease because their training, com¬ 
bat, and humanitarian assistance missions, as well 
as recreational activities such as hiking, hunting, 
and camping, bring them in contact with the dis¬ 
ease vectors. Several outbreaks of Lyme disease 
have occurred at military installations and in mili¬ 
tary personnel. Of 117 persons who acquired Lyme 
disease in New Jersey from 1978 to 1982, 30 were 
exposed to ticks at the Naval Weapons Station Earle 
in Monmouth County. 413 Isolation of the etiologic 
agent in animal reservoirs and tick vectors estab¬ 
lished Fort McCoy, Wisconsin, a military field train¬ 
ing camp, as a highly endemic area. 414 Among mili¬ 
tary personnel reported with Lyme disease from 
North Carolina and Virginia in 1989, the majority 
of cases were exposed during field operations or 
training at Camp Lejeune, NC, and Quantico, VA. 415 
Other high-risk sites include Fort A.P. Hill, Virginia, 
and Fort Chaffee, Ark. The mobility of military per¬ 
sonnel also increases the chances that they will be 
exposed in one part of the world and develop ill¬ 


ness in another part. Reports of cases have been 
published from both Germany and the United States 
in which the infection was acquired in the United 
States but the patient came down with the disease 
in Germany and vice versa. 416,417 

Description of the Pathogen 

The causative agent, Borrelia burgdorferi, was 
identified as a spirochete in 1982 by Burgdorfer and 
colleagues. 418 Borreliae are corkscrew-shaped bacteria 
resembling other members of the family Spirocha- 
etaceae. They are best visualized under phase-con¬ 
trast or darkfield microscopy. They do not live in 
soil, water, or plants and are not transported by fe¬ 
cal contamination or aerosols. 411 They have complex 
nutritional requirements, making growth in culture 
difficult. 

Epidemiology 

Transmission 

Borrelia burgdorferi is transmitted to humans 
through the bite of infected ticks, specifically cer¬ 
tain members of the Ixodes species complex of the 
hard-bodied ticks. Several species of this complex 
transmit B burgdorferi to humans: I scapularis (in the 
northeastern, upper midwestern, and southeastern 
United States), 419 1 pacificus (the West Coast of the 
United States), 420 1 ricinus (in Europe), 421 and I 
persulcatus (in Asia). 422 The Lone Star tick ( Amblyo- 
mma americanum ) also has been found to contain the 
spirochete, but it is not clear that it can transmit 
the infection to humans. 

Ixodes scapularis, also known as the deer tick, is 
the most common vector of Lyme disease in the 
United States. (The name I dammini, which was used 
to describe the deer tick in the northeastern United 
States, was relegated to a junior synonym of I 
scapularis upon finding that the deer tick of the 
northeastern and southeastern United States are the 
same species.) I scapularis has a 2-year life cycle, in 
which environmental cues trigger its host-seeking 
activity. The larval and nymph stages of deer ticks 
are parasites of a wide variety of vertebrate species 
(eg, mice, passerine birds, chipmunks, voles, squir¬ 
rels, raccoons, foxes, deer, and other mammals). The 
white-footed mouse ( Peromyscus lecopus ), chipmunks 
(Tamais striatus), and passerine birds—including 
American robins ( Turdus migratorius ), common 
grackles ( Quiscalus quiscala), Carolina and house 
wrens (Thryothorus ludovicianus, Troglodytes aedon ), 
ovenbirds ( Siiurus aurocapillus), and common yel- 
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lowthroats ( Geothlypis trichas) —serve as competent 
reservoirs of the spirochete in nature, especially 
when larval and nymphal ticks co-feed in close 
proximity. 414,423-426 Since many people in the North¬ 
east are exposed to nymphal ticks on their residen¬ 
tial lawns, passerine birds are the probable contrib¬ 
uting hosts. 424 In some areas, more than 40% to 50% 
of white-footed mice, chipmunks, and birds are in¬ 
fected with B burgdorferi . 425-427 White-tailed deer 
(Odocoileus virginianna) also may be competent hosts 
for immature stages, though several other research¬ 
ers disagree. 428-430 Adult ticks show a preference for 
larger animals, particularly the white-tailed deer. 
Adult ticks mate while they are feeding on the deer. 

In the western United States, I pacificus, the West¬ 
ern black-legged tick, is the major vector of B 
burgdorferi. 431 Reservoir hosts include the dusty- 
footed wood rat (Neotomafuscipes), mice ( Peromyscus 


ssp.), other rodents, and perhaps passerine birds. 43M32 
Columbian black-tailed deer (Odocoileus hemionus 
columbianus) and carnivores are the major host for 
adult I pacificus. 433 

Increasing cases of Lyme disease occur as hu¬ 
mans increase their contact with nature. Ticks pre¬ 
fer a relatively humid (85%) environment in mixed 
hardwood woodlands near creeks, river valleys, 
lakes, and coastal areas. 410 These are the same areas 
people tend to select for recreational areas and resi¬ 
dential communities. During the 18th and 19th cen¬ 
turies, deer were hunted to near extinction, and 
their forest habitats were turned into farmland. 
Recent ecological efforts, hunting regulations, and 
reversions of marginal farms to woodlands have 
been favorable for deer populations, which have 
increased from a low of approximately 350,000 at 
around 1900 to more than 18 million in 1992. The 


Established* and reported** distribution of the Lyme disease vectors Ixodes scapularis (/. dammini) 
and Ixodes pacificus, by county, United States, 1907-1996 





*at least 6 ticks or 2 life stages (larvae, nymphs, adults) identified 
**at least 1 tick identified 


Vector Presence 

Established Ixodes scapularis 
Reported Ixodes scapularis 
Established Ixodes pacificus 
Reported Ixodes pacificus 


Fig. 35-19. The established and reported distribution of the Lyme disease vectors Ixodes scapularis (I dammini) and Ixodes 
pacificus, by county, in the United States from 1907 through 1996. Source: Centers for Disease Control and Prevention. CDC 
Lyme Disease web page, http: / / www.cdc.gov /ncidod / dvbid / tickmap.htm . Accessed on 16 Sept 1998. 
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increase in the deer population has led to an in¬ 
crease in the deer tick population and contributed 
to the emergence of Lyme disease. 434 A many-fold 
increase in the population of the immature I 
scapularis ticks was reported from 1984 to 1991. 419 

Experimental studies have suggested that the 
duration of bite required for transmission of B 
burgdorferi is 24 to 48 hours. 435 The spirochetes, 
which reside in the tick's midgut, begin to multi¬ 
ply after the tick starts to feed, and they migrate 
into the salivary glands and enter the host's skin as 
the tick continues to feed. This process requires about 
24 hours. This time lag between onset of the bite and 
transmission of B burgdorferi allows for preventive 
measures to be taken against Lyme disease. 

Geographic Distribution 

Lyme disease is reported in most temperate re¬ 
gions, to include North America, Europe, Asia, and 
South Africa. 436-441 It is reported from all states in 
United States except Alaska and Montana; the 
Northeast and upper Midwest are areas of heavy 
concentration. Moderate risk of Lyme disease is also 
seen in the Pacific Coast. Lyme disease distribution 
correlates closely with the white-tailed deer and 
deer tick populations 442,443 (Figure 35-19). 

Incidence 

The number of cases of Lyme disease reported 
to the Centers for Disease Control and Prevention 
(CDC) has increased since 1982 and exceeded 16,000 
cases in 1996. 412 But this number is likely to be 
grossly underestimating the true incidence of Lyme 
disease. According to one estimate, only 11% to 16% 
of Lyme disease cases in their state were reported 
by Connecticut physicians in 1992. 444 On the other 
hand, Steere reported that 57% of 788 patients who 
were referred to a Lyme disease specialty clinic with 
a diagnosis of Lyme disease did not have the disease. 445 
Most of these non-Lyme disease patients had either 
chronic fatigue syndrome or fibromyalgia. Such 
underreporting and misdiagnosis due to confusion 
with similar illnesses interfere in assessing the exact 
magnitude of the problem caused by Lyme disease. 

Pathogenesis and Clinical Findings 

The body's immune response to the spirochete 
may be classified into acute localized disease, acute 
disseminated disease, chronic disease, and post- 
Lyme syndrome. The acute disease occurs from 2 
days to 2 weeks after a tick bite. The classic finding 


of erythema migrans (Figure 35-20), an expanding 
annular erythematous skin lesion with central clear¬ 
ing, develops at the site of the tick bite in 50% to 
75% of patients. Additional satellite lesions may occur. 
The majority of patients with EM also experience 
systemic symptoms (eg, fever, malaise, headache, 
stiff neck, fatigue), but these flu-like symptoms may 
occur without EM. 

Hematogenous spread allows dissemination of 
the spirochete to the rest of the body within the first 
few weeks of the infection. This acute disseminated 
disease may manifest as multiple EM, acute men¬ 
ingitis, cranial neuropathies, myocarditis, cardiac 
conduction abnormalities, hepatitis, myositis, and 
frank arthritis. Symptoms suggestive of acute men¬ 
ingitis include malaise, fatigue, lethargy, headache, 
and neck stiffness. Unilateral or bilateral seventh 
cranial nerve involvement (eg. Bell's palsy) is the most 
common cranial neuropathy. Only 1% to 2% of pa¬ 
tients with acute disseminated disease manifest 
cardiac abnormalities (eg, myocarditis, pericarditis, 
varying degrees of reversible atrioventricular 
block). Arthralgia affecting one or more joints is the 
most common sign of acute disseminated disease 
and lasts from hours to days. 

Chronic Lyme disease is characterized by local¬ 
ized inflammation primarily of the nervous system, 
skin, and musculoskeletal system. Prominent focal 
central nervous system abnormalities, subtle cog¬ 
nitive dysfunction, and peripheral neuropathies 



Fig. 35-20. An erythema migrans skin lesion in a patient 
with Lyme disease. 

Photograph: Courtesy of Mary Schmidt, the Armed 
Forces Institute of Pathology. 
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presenting as paresthesia and hyperesthesia char¬ 
acterize the chronic involvement of the nervous 
system. 446 Chronic skin manifestations include Bor- 
relia lymphocytoma and acrodermatitis chronica 
atrophicans. Chronic arthritis most commonly af¬ 
fects the knee, but this tends to remit spontaneously. 

Another manifestation of Lyme disease is post- 
Lyme syndrome. This is distinct from chronic Lyme 
disease in that post-Lyme syndrome patients have 
been treated with antibiotics early in the disease 
process. Symptoms of severe fatigue, recurrent muscle 
and joint aches, headaches, mental sluggishness, and 
difficulty concentrating persist for 6 months or more 
without response to further antibiotic therapy. 447 
These patients are often misdiagnosed as having 
chronic fatigue syndrome or fibromyalgia. The 
possibility of B burgdorferi persistence in patients 
with negative serological tests 448 and the presence 
of B burgdorferi DNA in urine of treated patients 
with symptoms of chronic Lyme disease have been 
reported. 449 So without a clear-cut definition for 
Lyme disease, much controversy surrounds the 
diagnosis and management of this disease. The 
potential for long-term disability from both chronic 
Lyme disease and post-Lyme syndrome requires 
further elucidation of the pathogenesis of this 
disease. 

Diagnostic Approaches 

History of exposure is critical to the diagnosis of 
Lyme disease. A careful history should address is¬ 
sues such as residence in or travel to endemic ar¬ 
eas, previous tick exposures, EM lesions, objective 
or subjective neurologic dysfunction, arthritis, and 
history of heart disease. Providers may elicit a his¬ 
tory of a "summer cold" acquired in an area with 
endemic Lyme disease. The signs and symptoms of 
Lyme disease may appear quite specific, but the 
development of late-stage manifestations may cause 
diagnostic uncertainty. A careful physical examina¬ 
tion, to include a complete skin examination for EM, 
together with an appropriate exposure history may 
make the diagnosis. Other skin manifestations, as 
well as joint, cardiac, and neurological abnormali¬ 
ties, may be detected by physical examination. 

Beyond a careful history and physical examina¬ 
tion, numerous serologic tests are available to test 
for antibodies to B burgdorferi. An enzyme-linked 
immunosorbent assay (ELISA) is available to de¬ 
tect IgG and IgM antibodies associated with B 
burgdorferi. The Western immunoblot assay is used 
to confirm positive and equivocal results from the 
ELISA, in accordance with the 1999 CDC recom¬ 


mendations. 450 Interpreting these results is not with¬ 
out complications, however; problems include cross¬ 
reactivity with normal oral flora and treponema 
species (eg. Treponema pallidum), cross-reactivity 
with antibodies present in autoimmune diseases 
such as systemic lupus erythematosus and rheuma¬ 
toid arthritis, prior exposure to B burgdorferi, and 
the lack of standardization in serologic assays. 434 
Serologic tests done at an early stage of Lyme dis¬ 
ease may also be negative due to inadequate time 
for the body to respond with antibodies. Repeat 
serologic testing is recommended 4 to 6 weeks af¬ 
ter the initial test in the early stages of disease. To 
what extent the availability of new assays (eg, poly¬ 
merase chain reaction) and genetic sequencing of 
Borrelia species will clarify diagnosis and management 
of this disease remains to be seen. The diagnosis of 
Lyme disease still relies on the clinical presentation, 
the history of exposure, the clinical suspicion of an 
alert health care provider, and the recognition of 
the incomplete state of our understanding of this 
disease. 

Recommendations for Therapy and Prevention 
Therapy 

Prophylactic therapy following a potential bite 
exposure is not recommended in most circum¬ 
stances. 451-453 Prompt treatment is indicated for sus¬ 
pected infections. 454,455 For the acute localized illness, 
doxycycline, amoxicillin, cefuroxime, oral penicillin, 
and tetracycline have been given for approximately 
10 to 20 days with success. The decision of which 
drug to use is determined by drug allergies, the pos¬ 
sibility of co-infection with other tick-borne patho¬ 
gens, patient compliance, and cost. Misdiagnosis of 
co-infection with Babesia microtus, a malaria-like 
protozoan, or the Ehrlichia species that causes human 
granulocytic ehrlichiosis may lead to the erroneous 
diagnosis of treatment-resistant Lyme disease. 
When co-infections with the human granulocytic 
ehrlichiosis pathogen are possible, treatment with 
doxycycline should be considered because it is ef¬ 
fective against both infections. 456 Disseminated 
Lyme disease infection should be treated with in¬ 
travenous cefotaxime, ceftriaxone, or penicillin for 
10 to 30 days 454,455 (Table 35-10). 

In patients with continued symptoms following 
appropriate treatment, use of polymerase chain reac¬ 
tion and culture methods to determine if B burgdorferi 
is present may be considered. Fibromyalgia and 
chronic fatigue syndrome should also be consid¬ 
ered. Other conventional medications may be used 
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TABLE 35-10 

TREATMENT OF LYME DISEASE 


Drug 

Route 

Adult Dose 

Child Dose 

Duration 

Acute Localized 

Amoxicillin 

PO 

500 mg tid 

50 mg/kg/ d tid 

10-20 d 

Cefuroxime 

PO 

500 mg bid 

50 mg/kg/d bid 

20 d 

Penicillin 

PO 

250 mg qid 

50 mg/kg/ d qid 

10-20 d 

Tetracycline 

PO 

250 mg qid 

Avoid in children 

10-20 d 

Doxycycline 

PO 

100 mg bid 

Avoid in children 

10-20 d 

Disseminated and Chronic 

Cefotaxime 

IV 

2 g qd or ql2 h 

50 mg/kg/ d ql2h 

10 d 

Ceftriaxone 

IV 

2 g qd or ql2 h 

50 mg/kg/d 

10-14 d 

Penicillin 

IV 

24 million units qd 

50,000 units/kg/ d 

20-30 d 


bid twice a day, IV intravenous, po by mouth, q every, qd every day, qid four times a day, tid three times a day 

Reprinted with permission from: Gilbert DN, Moellering RC, Sawde MA, eds. The Sanford Guide to Antimicrobial Therapy. 31st ed. 

Hyde Park, Vt: Antimicrobial Therapy, Inc: 2001. 


for symptomatic treatment, to include antiinflam¬ 
matory agents such as aspirin, ibuprofen, hydro¬ 
xychloroquine, and prednisone. While alternative 
therapies may be considered, patients should be 
educated about the dangers of popular remedies 
such as malariotherapy. 457 

Another complication in the treatment of B 
burgdorferi infection is the Jarisch-Herxheimer re¬ 
action, noted in association with antibiotic therapy 
for spirochetes. 458 After the start of antibiotic treat¬ 
ment, the death of B burgdorferi organisms may re¬ 
lease large amounts of cytokines and hormones. The 
minority of patients who experience this reaction 
feel worse for the first few days, with increased in¬ 
flammation of EM lesions, fever, and aches, but then 
improve. 

Prevention 

Tick populations peak in the spring and summer 
months, which is when people are outdoors most 
and opportunities increase for contact between vec¬ 
tor and host. The environment surrounding the 
home is a major determinant of the risk of getting a 
tick bite; nearly 70% of tick bites are acquired at 
home, 459 and residences with larger woodlots are 
more likely to have ticks. 460 

Many environmental controls have been tried to 
control both the tick and the host populations. Aca- 
ricide-impregnated nest material for use by mice 
has been used to kill the larval stages of the deer 


tick on the white-footed mouse with mixed re¬ 
sults. 461,462 Use of acaricides has successfully con¬ 
trolled the number of deer ticks. 463-466 Removal of 
deer from proximity to human populations has been 
used to decrease the numbers of adult deer ticks. 
These environmental controls are not always suc¬ 
cessful, however, so the need for personal preven¬ 
tive measures cannot be overemphasized. 467 

The most effective and obvious means of prevent¬ 
ing exposure to hard-bodied ticks is to avoid their 
known habitats, but this is not always possible for 
military personnel. The risk of Lyme disease can be 
minimized greatly by the use of the DoD Repellent 
System (see Chapter 22, Personal Protection Mea¬ 
sures Against Arthropods). This system includes 
wearing a loose-fitting, permethrin-impregnated 
uniform with pant legs tucked into boots, sleeves 
rolled down and fastened, and collar closed. Ex¬ 
tended-duration DEET lotion should be applied to 
exposed skin. No repellent system is 100% effective, 
though, so service members use the "buddy sys¬ 
tem" to check each other; it works well for finding 
ticks crawling on the uniform and feeding on the 
body. Ticks can be found anywhere on the body, but 
they prefer moist areas. 468 Service members per¬ 
forming buddy checks must be reminded to look 
for any rash in an area of a tick bite and that such a 
rash requires immediate medical attention. 

The ability of a feeding tick to infect the host is 
reduced by prompt removal of the tick. Forceps or 
tweezers should be used to grab the tick as gently 
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and as close to the skin as possible. The tick should 
then be slowly and gently pulled away from the bite 
site until it detaches. Care should be taken not to 
crush or twist the tick, since this can leave the 
mouthparts embedded in the skin. Once the tick is 
removed, it should not be manipulated with bare 
hands. The tick should be sent in an alcohol-filled 
container to the US Army Center for Health Pro¬ 
motion and Preventive Medicine, Aberdeen, Mary¬ 
land, for identification and testing for B burgdorferi. 
The skin should be washed with soap and water, 
followed by an application of rubbing alcohol. The 
bite should be observed for at least a month in case 
a rash or redness develops. 469 


Two vaccines using the outer surface protein of 
B burgdorferi have been developed and tested. 470-472 
One that has been approved by the Food and Drug 
Administration requires a three-shot series (at 0,1, 
and 12 months) and has an efficacy of 50% after two 
doses and 78% after all three doses. 473 While vacci¬ 
nation would decrease the threat that Lyme disease 
currently presents to military members and their 
families, personal protective measures still need to 
be emphasized to prevent Lyme disease if the vac¬ 
cine fails and to prevent other arthropod-transmit¬ 
ted diseases. 

[Kevin Michaels, Hee-Choon S. Lee, 
Victoria B. Solberg] 


EHRLICHIOSIS 


Introduction and Military Importance 

Ehrlichiae have been known as veterinary 
pathogens since the 1930s. A serious epizootic of 
canine ehrlichiosis caused the deaths of 200 to 300 
military working dogs in Vietnam in the late 1960s. 
They died of a hemorrhagic disease caused, it was 
discovered later, by Ehrlichia cams. 474 E sennetsu (called 
Rickettsia sennetsu until 1984) was described in Japan 
in the 1950s and was thought to be the only ehrlichial 
human pathogen. It targets monocytes and causes 
an illness that resembles mononucleosis. 475-478 E 
sennetsu has been confined to Japan and Southeast 
Asia. 477,478 It is presumed to be transmitted by ticks, 
and tetracycline is the treatment of choice. 478 In the 
last part of the 20th century, two other distinct 
human diseases caused by ehrlichiae have emerged. 
Human monocytic ehrlichiosis (HME) has been 
found to be caused by Ehrlichia chaffeensis, which 
was characterized in 1991. Human granulocytic 
ehrlichiosis (HGE) is caused by an organism yet to be 
definitively identified but one that is very similar to 
E equi and E phagocytophila, which cause granulocytic 
infections in sheep, cattle, and horses. 479,480 HGE may 
be caused by a different strain of one of these two. 
Although both diseases are caused by ehrlichiae, they 
have some different qualities. The military has played 
a role uncovering these two diseases, and the diseases 
will continue to affect the military, especially because 
training is often conducted in tick-infested areas. 481 
Although there have been many advances in the study 
of ehrlichiae, much about the organisms and their 
epidemiology, diagnostics, and control is still 
unknown. Future control measures should include a 
system for notifying public health officials of cases 
and increasing physician and soldier awareness. 482 


Description of the Pathogen 

Ehrlichiae are obligate, intracellular. Gram-nega¬ 
tive cocci that infect white blood cells. 483 The bacte¬ 
ria can be found grouped into morulae, which are 
distinct monocytic or granulocytic intracytoplasmic 
inclusions. 480 E chaffeensis, the causative agent of 
HME, has two identified strains. The first strain, 
Arkansas, was isolated from a US Army reservist; 
the second, 91HE17, was discovered in 1995. 479,483 
There may be further diversity among the bacteria 
infecting humans, and the taxonomy will likely be¬ 
come clearer in the future. 

Epidemiology 

HME and HGE are transmitted by ticks, with 
greater than 80% of symptomatic people reporting 
a tick bite within 3 weeks before illness onset. 475,476 
Exact incidence rates and prevalence are unknown. 
Most reported estimates are biased toward identi¬ 
fication of the more serious cases. 484 

Human Monocytic Ehrlichiosis 

Transmission. HME is believed to be transmit¬ 
ted by Amblyomma americanum (the lone star tick) 
and Dermacentor variabilis (the American dog 
tick). 481,482,485,486 The organism has been found in the 
white-tailed deer. The presence of persistent bacte¬ 
remia in dogs suggests that mammals other than 
deer may be hosts. 481 Disease occurrence is seasonal, 
with most cases occurring from March to October, 
and the majority of those in May, June, and 
July 477 - 478 ' 481 ' 486 

Geographic Distribution. Cases have been con- 
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firmed in 30 states and are concentrated in the south 
and south-central United States. 484,485 

Incidence. HME seroconversion in a large study 
of military personnel at Fort Chaffee, Ark, to £ canis 
and £ cliaffeensis was 1.3% (13 of 15 positive for £ 
chaffeensis). The seroconversion rate was higher in 
those that actually lived and worked at Fort Chaffee 
(3.3%) than in those there for training (0.7%). 481 A 
12% prevalence was reported among samples sub¬ 
mitted for Rocky Mountain spotted fever testing to 
the Oklahoma State Department of Health. 476 Inci¬ 
dence reportedly rises with age, but older people 
may be more likely to have worse disease and thus 
seek medical attention and diagnosis. Median in¬ 
cubation periods have been found to be approxi¬ 
mately 7 to 9 days. 484 

Human Granulocytic Ehrlichiosis 

Transmission. HGE is transmitted by Ixodes 
scapularis ticks and has also been identified in D 
variabilis ticks. 485,487 Possibilities for a reservoir include 
deer and rodents. There is year-round occurrence, 
peaking in June and July, 474,480,482 but tick activity has 
been found in the upper Midwest in all months of 
the year except February and September. 487 The 
median incubation period is 8 days. 482 

Geographic Distribution. HGE has been found 
in 11 states but more often in the Northeast and 
Midwest. This is in contrast to HME, which is more 
often found in the South and South-Central. 474,480 
There may also be HGE in Sweden and Switzerland. 482 

Incidence. HGE was discovered in the early 
1990s. It was found in 11% of a sample of patients 
presenting with an undiagnosed acute febrile ill¬ 
ness in Minnesota and Wisconsin in the summer and 
fall of 1993. Annual incidence has been estimated 
to exceed 50 per 100,000 per year in that location. 487 

Pathogenesis and Clinical Findings 

Human Monocytic Ehrlichiosis 

In HME, £ chaffeensis enters the skin via a tick 
bite and spreads hematogenously. Infection is es¬ 
tablished intracellularly in macrophages in various 
tissues. The infection can lead to tissue necrosis, 
perivascular lymphohistiocytic infiltrates, intersti¬ 
tial pneumonitis, and pulmonary hemorrhage. 
Granulomas and marrow histiocytosis are a result 
of the macrophage's reaction to the organism. 482 
Much of the pathogenesis and the role of the host 
in this disease remain unknown. 


The extent of asymptomatic infected persons has 
not yet been fully uncovered. In the study of the mili¬ 
tary at Fort Chaffee, only 33.3% of seroconverters 
reported characteristic symptoms. 481 In a study of 
HME in a retirement community bordering a wild¬ 
life preserve, asymptomatic infection with £ 
chaffeensis was thought to have occurred because 
many people with serologic evidence of past infec¬ 
tion had not reported illness in the 5 months prior 
to the study. 486 

Symptoms of those getting medical attention or 
being studied are nonspecific. Systemic symptoms, 
such as fever, headache, myalgia, anorexia, and 
nausea, are common without any clinical diagnos¬ 
tic findings. These clinical findings are similar to 
those found in Rocky Mountain spotted fever but 
without the characteristic rash of that seasonal tick- 
borne disease. Complications of HME include seri¬ 
ous pulmonary, renal, and cerebral compromise. 477 
Hospitalized patients are likely to be older. Labo¬ 
ratory findings, which can be of great assistance in 
making the diagnosis, include leukopenia, throm¬ 
bocytopenia, and elevated hepatic transaminases. 477,484 
Anemia is common, occurring later in the illness 
and lasting longer than other hematologic abnor¬ 
malities. 484 Infiltrates on chest radiographs and cere¬ 
brospinal fluid pleocytosis are possible findings 
amidst complications. 477 A new strain of HME, 
91HE77, was isolated from a patient who nearly 
died and raises the possibility of infection with al¬ 
ternative strains resulting in differential morbidity 
and mortality. 479 

Human Granulocytic Ehrlichiosis 

In HGE, the pathogenesis is unknown after the 
organism enters via a tick bite. The organism ap¬ 
pears to infect myeloid precursors in the marrow 
instead of mature granulocytes. 482 The corresponding 
ehrlichiae in animals are believed to somehow impair 
the host immune response and allow opportunistic 
infections. Clinical findings in humans include fe¬ 
ver, chills, malaise, myalgias, headaches, nausea, 
vomiting, and rarely a rash. 474,487 The clinical pic¬ 
ture is quite similar to infection with £ chaffeensis, 
with similar laboratory abnormalities. 474,480 

Diagnostic Approaches 

When faced with a patient with possible human 
ehrlichiosis, serology for both HGE and HME are 
appropriate because their geographic distributions 
overlap. 485 


867 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


Human Monocytic Ehrlichiosis 

E chaffeensis is very rarely isolated from tissue in 
cases of HME. It is difficult to diagnose early in the 
course of disease. A high index of suspicion is needed 
with nonspecific febrile illness, especially when faced 
with a patient with a history of a tick bite or exposure 
to ticks. 484 The presence of leukopenia and thromb¬ 
ocytopenia is helpful diagnostically. Diagnosis can be 
made later after detecting an immune response to £ 
chaffeensis antigen or £ canis antigen. (The E canis 
antigen was used primarily in the early stages of 
uncovering this organism and is a less-sensitive indi¬ 
cator than finding the £ chaffeensis antigen. 482 ) A 4-fold 
rise in indirect fluorescent antibody titer of the ap¬ 
propriate level is diagnostic if the clinical picture is 
consistent. 481,484 Because of the variation in the diag¬ 
nostic criterion by laboratory, contacting the perform¬ 
ing laboratory is useful in determining the minimal 
peak titer. There is evidence that early treatment and 
advancing age can result in a decreased serologic an¬ 
tibody response. 481,486 E chaffeensis-s peci tic polymerase 
chain reaction (PCR) is available and can be positive 
in the absence of antibody criteria for diagnosis. Because 
of this, PCR is felt to be more sensitive than serologic 
testing. 482 Unlike the situation with HGE, finding 
morulae of the organism in the leukocyte in HME is 
difficult and not a useful diagnostic tool. 

Human Granulocytic Ehrlichiosis 

The agent in HGE has not yet been isolated, so 
alternative diagnostic approaches must be used. 480 Pe¬ 
ripheral blood smears may be helpful in illustrating neu¬ 
trophil cytoplasmic morulae of ehrlichiae. 474,480 These 
morulae are easy to differentiate from other cytoplas¬ 
mic inclusions. 474 Finding them is the most sensitive and 
widely available diagnostic tool. Immunofluorescent 
assay using £ equi or E phagocytophila can be used for 
serologic diagnosis but not early in the illness. 487 PCR is 
being refined and is not yet widely available. 


Scrub Typhus (Orientia tsutsugamushi) 
Introduction and Military Relevance 

Scrub typhus is an infectious disease that spans 
a clinical spectrum from mild to fatal depending 
on the strain of organism, the age and immune sta¬ 
tus of the host, and the quality of health care pro¬ 
vided. While "tropical typhus" has long plagued 
military forces in Asia and on the Pacific islands, it 


Recommendations for Therapy and Control 
Therapy 

Tetracycline or doxycycline is the treatment for 
HME and HGE, with typical marked improvement 
in 48 hours. 474,484,487 Chloramphenicol has been used 
in some patients who have recovered; the efficacy 
of chloramphenicol, though, is not clear because 
some patients respond spontaneously without any 
treatment, and chloramphenicol is not effective in 
vitro against £ chaffeensis. Rifampin is effective in 
vivo, but clinical experience with this drug is lack¬ 
ing. 488 Improvement with the use of effective 
therapy can itself be an aid in diagnosis. Treatment 
must begin before a definitive diagnosis is made 
because earlier treatment may lower the risk of ad¬ 
verse outcomes. 485 Persistent infection in animals 
with £ canis despite treatment has been reported. 478,487 
The possibility of persistent infection in humans is 
still unknown. 

Control 

People in areas where ticks are common should 
take precautions. Military personnel should be 
made aware of the threat of HME and HGE and the 
fact that they are threats in off-duty environments 
as well as during field exercises. In endemic areas 
such as Arkansas, ticks are a threat even for those 
not engaged in outdoor recreational activities. 477 
Precautions include avoiding if possible areas 
known to be infested with ticks. Routinely using 
insect repellent and checking for ticks are both 
important. 485 Tucking trouser legs into boots, blous¬ 
ing trousers, receiving pertinent educational brief¬ 
ings, and using permethrin-impregnated uniforms 
have been associated with a decreased risk of tick- 
borne infection. 475,481 These control measures are not 
practical in the civilian community. 484 

[Kathryn L. Clark] 


has only been since the 1930s that scrub and endemic 
typhus have been distinguished. Because effective 
antibiotic treatment was not available during World 
War II, both allied and Japanese forces had large 
numbers of casualties due to scrub typhus. In some 
areas, it was a cause of medical casualties second 
only to malaria. Illustrative of the impact of the in¬ 
fection was the experience of the British in north¬ 
ern Burma: during 2 months in 1944, 18% of one 
battalion's casualties and 5% of its fatalities were 
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from scrub typhus. 489 

Scrub typhus remains a major concern for mili¬ 
tary forces deployed in endemic regions. Reservoirs 
of infection will continue to cycle in nature, and 
military operations will place susceptible individu¬ 
als in exposure situations. Personal protective mea¬ 
sures can be effective in reducing exposure, but they 
require command emphasis to maintain the neces¬ 
sary discipline. This disease, much like malaria, 
tends to be forgotten by military health profession¬ 
als between major deployments to endemic regions. 
Preventive medicine strategies against scrub typhus 
are an essential part of deployment to Southeast 
Asia and other endemic areas. 

Description of the Pathogen 



The etiologic agent of scrub typhus is Orientia 
tsutsugamushi. It is a member of the rickettsial fam¬ 
ily, which are Gram-negative, obligate intracellular 
bacteria that multiply in the cytoplasm of infected 
cells. Because of distinctive characteristics in its 
outer membrane and rRNA sequence, the organism 
was reclassified in 1995 from the genus Rickettsia 
into the new genus Orientia.* 90 Strain variability is 
greater than that of the other disease-producing 
rickettsial species. While eight "prototype" anti¬ 
genic types were defined in 1967, molecular stud¬ 
ies now suggest that there are actually more than 
60 genetic and antigenic variants unique to differ¬ 
ent localities. Strains also vary greatly in virulence 
for both humans and mice (a useful laboratory 
model). 

Epidemiology 

Transmission. Scrub typhus is a zoonosis acquired 
by the bite of infected larval trombiculid mites 
(chiggers) when humans intrude into an enzootic 
focus of infection. The natural cycle consists of (a) O 
tsutsugamushi, (b) chiggers of the Leptotrombidium 
deliense group (eg, L deliense, L akamushi, Lfletcheri, 
L arenicola, L pallidum, L pavlovskyi, L chiangraiensis), 
and (c) small rodents, especially rats of the genus 
Rattus. The mites are both the reservoir and vector 
of this infection (Figure 35-21). Their larval "chig¬ 
gers" are the only stage that feeds on humans and 
rodents (the vertebrate hosts) and usually cause 
only minimal irritation. The mites ingest lymph and 
tissue fluids from the subdermis, although their fre¬ 
quently reddish appearance leads to the incorrect 
impression that they are full of blood. The rickett¬ 
sial organisms are distributed through all tissues 
of the mite, including the salivary glands from which 


Fig. 35-21. Orientia tsutsugamushi-iniected mite colony 
established in 1964 at the US Army Medical Research 
Unit—Kuala Lumpur, Malaysia. The colony was main¬ 
tained through 62 generations until closure of the Unit 
in 1989. 

US Army photograph. 

they are transmitted during a bite. Transovarial 
transmission is a necessary part of the maintainence 
of O tsutsugamushi in trombiculid mites. Extensive 
field observation during World War II indicated that 
the mites tend to live at ground level rather than 
on vegetation. Risk of infection to soldiers continu¬ 
ously on the move was associated with their "loi¬ 
tering and resting in contact with the ground en 
route." 489p186 Certain species of chiggers, though, 
gather above the ground at the tips of leaves 
("lalang" grass) and show that there is diversity in 
modes of transmission. 

Geographic Distribution. The geographic distribu¬ 
tion of scrub typhus includes eastern and southern 
Asia and the islands of the southwestern Pacific. 
Specifically, scrub typhus occurs in Japan, Korea, 
Tajikistan, the Maritime Territories of eastern Rus¬ 
sia, China, Australia, New Zealand, the Philippines, 
islands in the South Pacific, Indonesia, India, Paki¬ 
stan, and all of Southeast Asia. It is distributed from 
sea level to altitudes as high as 7,000 ft (2,100 m) in 
the Kumaon Hills of India. 489 Within these endemic 
areas, scrub typhus infection tends to be localized 
as either well-established or transient "mite is¬ 
lands." Transovarian transmission of the organism 
provides the mechanism for maintenance of focal 
endemicity. 

There is no such thing as a typical scrub typhus 
environment. Infected habitats are quite diverse, 
varying from semideserts, river banks, and sea- 
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shores to disrupted rain forests and terrain under¬ 
going secondary vegetative growth. Ecological 
changes that favor the rodents or other small mam¬ 
mals that are the usual hosts of the chiggers occur 
when stable vegetation is disturbed and allowed to 
regrow. Military operations and expanding agricul¬ 
tural efforts often produce these types of ecological 
changes and lead to exposure of service members 
and rural people to infectious chiggers. 491 Cases of 
scrub typhus are seen increasingly in nonendemic 
regions because of intercontinental travel during the 
incubation period; the nonrecognition of these cases 
may lead to life-threatening illness. 492 

Incidence. Incidence of scrub typhus varies with 
geographic location, occupation, and behavior. In 
temperate areas such as Japan and Taiwan, disease 
occurrence is seasonal; in warmer areas, seasonal 
variation may not be detectable. Surprisingly, the 
seasonal transmission in South Korea and Japan 
occurs in fall and winter. Disease in indigenous 
populations is often underdiagnosed. Systematic 
study of febrile admissions to a central Malaysian 
hospital in the late 1970s determined that 20% of 
cases were due to scrub typhus and that this reached 
nearly 50% in the subgroup of patients who worked 
in areas where rain forest had been replaced with 
oil palm groves. 493 Some scrub typhus antibody 
prevalences in Southeast Asia are 59% in northern 
Thailand, 494 21% near Bangkok, 495 3 8% in the 
Pescadores Islands of Taiwan, 496 and 0.8% in Sabah, 
East Malaysia. 497 

Military personnel deployed to areas endemic for 
scrub typhus are at high risk of infection and re¬ 
sulting symptomatic disease. Statistics from World 
War II indicate that more than 7,000 cases occurred 
in US forces, nearly as many in British and Indian 
troops, and more than 3,000 in Australian soldiers. 
Overall incidence figures are unreliable because of 
clustering of infections in time and place. Risk to 
military personnel continues to be a problem, as was 
documented in the mid-1990s in a study 498 that 
found incidence as high as 15% in Thai soldiers 
during 4 months of military exercises. Serologic 
studies in Malaysia 499 and repeated outbreaks 
among US Marines deployed to the Mt. Fuji region 
of Japan 500 (Figure 35-22) confirm the continued risk. 

Pathogenesis and Clinical Findings 

Rickettsiae bind to cellular receptors, are phago- 
cytosed, escape from phagocytic vacuoles into the 
cytoplasm, and proliferate by binary fission. The 
organisms exit the host cell either as a mass follow¬ 
ing host cell lysis or in discrete packets of rickett- 



Fig. 35-22. A US Marine with acute scrub typhus acquired 
while he was deployed to Camp Fuji, Japan, in the au¬ 
tumn of 1983. Note the erythematous (blanching) rash 
predominately on the trunk and the location of the es¬ 
char at the lateral aspect of the right upper quadrant. 
Photograph: Courtesy of Henry B. Lewandowski, PhD, 
Savannah, Ga. 


siae surrounded by host-cell membrane that buds 
off from intact cells. Scrub typhus organisms are 
highly infectious; it is estimated that fewer than 10 
viable organisms are an infectious dose for humans. 
The organisms are transmitted into cutaneous tis¬ 
sues at the site of the chigger's bite. Proliferation 
in local endothelial cells leads to a visible lesion in 
about 60% of nonimmune hosts during the 6- to 21- 
day incubation period. The lesion evolves into an 
eschar, which is loaded with rickettsiae and highly 
infectious. Early dissemination via the lymphatic 
system leads to tender regional lymphadenopathy, 
which may be augmented by hematogenous spread 
from infected endothelial cells. Detectable ricket- 
tsemia appears late in the incubation period, usu¬ 
ally 1 to 2 days before onset of clinical disease. 

The wide variation in scrub typhus strains ap¬ 
pears to be manifest in its variation in virulence. 
Symptoms and signs are based on disseminated 
vasculitis caused by focal infection of the endothe¬ 
lium of small blood vessels. This presents as a macu- 
lopapular rash in about one third of patients, which 
appears late in the first week of illness on the trunk 
and extremities but may be hard to detect on dark- 
skinned people. The disease, which may last for 
weeks, is characterized by fever, headache, and gen¬ 
eralized lymphadenopathy. It may be abrupt in 
onset but is more commonly insidious over several 
days. Among US Marines in South Vietnam with 
confirmed diagnoses, the following symptoms and 
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Fig. 35-23. A scrub typhus eschar 1 day after chiggers 
fed on a US Army volunteer. The chiggers were from the 
Leptotrombidium mite colony shown in Figure 35-21. 
Photograph: Courtesy of Henry B. Lewandowski, PhD, 
Savannah, Ga. 


signs were observed: eschar (46%), splenomegaly 
(43%), rash (34%), myalgia (32%), and conjunctivi¬ 
tis (29%) 501 (Figure 35-23). Lung involvement is the 
most important complication, with adult respiratory 
distress syndrome the most frequent cause of death. 
Other complications include deafness, myocarditis, 
encephalitis, and multiorgan system failure. Mor¬ 
tality rates before the availability of antibiotics 
ranged from 1% to 55%. 489 Delayed or inappropri¬ 
ate treatment continues to be associated with se¬ 
vere illness and fatality. 492 

Diagnostic Approaches 

Clinical. The diagnosis of scrub typhus may be 
suspected on clinical and epidemiologic grounds. 
In most parts of Asia, an eschar is pathognomonic 
of the disease, and a careful search for this lesion in 
suspected cases is the most important part of the 
physical exam. Eschars tend to be localized where 
clothing has been pressed to the skin, as at the 
ankles and waist. Also helpful diagnostically are 
rash, conjunctival suffusion, and hearing impair¬ 
ment when associated with onset of illness. Despite 
these signs, scrub typhus can be easily confused 
with other febrile illnesses in the endemic area. 
Prompt, empiric treatment will generally be both 
diagnostic and curative. Treatment with a tetracy¬ 
cline or chloramphenicol usually leads to clinical 
improvement and defervescence within 24 to 36 
hours. 

Laboratory. Rickettsiae may be isolated from the 
blood of patients, but the techniques are difficult 


and hazardous. The Weil-Felix test is too insensi¬ 
tive to be useful in diagnosis. Detection of specific 
antibody is the main tool for proving the diagnosis 
of scrub typhus. The gold standards for serologic 
diagnosis are the indirect fluorescent antibody (IFA) 
and immunoperoxidase (IIP) assays, which use cultured 
and inactivated organisms as the capture antigen. 
These antigens have historically been produced and 
distributed by national research or reference labo¬ 
ratories, but they are now becoming commercially 
available. Another diagnostic assay in development 
uses a dot-ELISA (enzyme-linked immunosorbent 
assay) format. Once validated, such an assay could 
provide a needed tool for rural clinics and military 
operations in endemic regions. 502 With any of these 
serological assays, interpretation of results will dif¬ 
fer depending on the population in which it is be¬ 
ing used. In adults from endemic areas, acute titers 
of 1:400 or a 4-fold rise to at least 1:200 may be re¬ 
quired to maintain specificity. In contrast, in previ¬ 
ously uninfected visitors to an endemic area, a titer 
of 1:100 would be significant. 503 Molecular assays, 
under development for scrub typhus and other rick¬ 
ettsial infections, are expected to provide enhanced 
sensitivity and specificity. 

Therapy, Prevention, and Control 

Therapy. Tetracyclines and chloramphenicol 504 
(Figure 35-24) are specifically effective for the rick- 
ettsioses, despite being bacteriostatic (rather than 
bacteriocidal) agents. Either drug should be given 
as a loading dose followed by divided daily doses 
for at least a week and until the patient is afebrile. 
If treatment is started in the first 3 days of illness, a 
second course of antibiotics should be given after 
an interval of 6 days to prevent recrudescence of 
infection. The responsiveness of scrub typhus to 
treatment may be changing. In northern Thailand, 
a high frequency of relapse after treatment associ¬ 
ated with relative resistance of O tsutsugamushi iso¬ 
lates to both tetracycline and chloramphenicol has 
been observed. 505 Preliminary studies 506,507 suggest 
that both azithromycin and rifampin may provide 
effective alternative therapy for scrub typhus. 

Prevention and Control. As general guidance, 
encampments should not be placed in areas of sec¬ 
ondary vegetative growth where agriculture, ero¬ 
sion, or other disturbances favor rodent activity. The 
best defense for the individual service member 
against chigger bites is the careful use of treated 
uniforms and repellents. Three different systems 
exist for treatment of uniforms with permethrin, 
which kills chiggers crawling up the uniform be- 
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Fig. 35-24. The US Army research team that demonstrated the efficacy of chloramphenicol in the first antibiotic treat¬ 
ment of scrub typhus at the Malayan Institute for Medical Research in Kuala Lumpur in 1948. (a) From left to right, 
they are: R. Traub, T. Woodward, J. E. Smadel, C. Philip, and H. L. Ley Jr. (b) A cartoon highlighting the accomplish¬ 
ments of the team appeared in the local newspaper, the Malay Mail. 

(a) Photograph: Courtesy of Dr. Theodore Woodward, (b) The Malay Mail 


fore they can bite. To be effective, trousers must be 
bloused inside the boots (not secured with elastic 
bands) so that the chiggers are forced to crawl up 
the boot onto the treated uniform before contact¬ 
ing the host. 508 Repellents can be applied directly 
to exposed skin and, when permethrin-treated uni¬ 
forms are not available, to boot tops and trouser 
legs. Two chigger repellents are currently available 
in the military supply system for topical applica¬ 
tion to the skin: DEET (N,N-diethylmeta-toluamide) 
in the standard Army repellent formulation and 
precipitated sulfur in a specialized formulation for 
chiggers. When proper permethrin treatment of 
clothing is not possible, DEET applied from a com¬ 
mercial aerosol can be an effective way of repelling 
chiggers from boots and trousers. Systemic prophy¬ 
laxis with weekly doxy cy cline (200 mg/week) has 
been demonstrated effective under study condi¬ 
tions, 509 but it has never been used on a routine 
basis. Weekly administration is necessary so the in¬ 
fected service member develops immunity as the 
organism multiplies to sufficient levels to induce 
an immune response. No vaccine is available and 
development is unlikely because of the diversity of 
strains. 

Old recommendations to treat ground and veg¬ 
etation with chlorinated hydrocarbons (eg, lindane, 
dieldrin, chlordane) are no longer appropriate or 
legal. In fact, no compounds are currently registered 
for chigger control on an area basis. An alternate 
approach would be to make an application of a reg¬ 
istered insecticide as if for soil pests of turf, though 
the effectiveness of such treatments is unknown. 


Burning vegetation will suppress chigger popula¬ 
tions for 30 days, but the regrowth can actually 
foster an increase in vector numbers. Where per¬ 
sonnel find themselves in a more stable situation, 
general rodent control through sanitation, poison 
baiting, and trapping can limit chiggers and prob¬ 
ably suppress transmission of scrub typhus. The 
most sensitive way to determine whether control 
or preventive measures are necessary is to test the 
local human or rodent population for antibodies. 
Where scrub typhus is prevalent, the resident hu¬ 
man population is constantly boosted and main¬ 
tains detectable antibody, even though no clinical 
disease is present. Most infected rodents are only 
mildly affected by scrub typhus but maintain high 
levels of antibody. 

Murine Typhus Fever (Rickettsia typhi) 
Introduction and Military Relevance 

Murine (endemic, flea-borne) typhus is a rickett¬ 
sial disease caused by the incidental infection of 
humans with Rickettsia typhi transmitted by infected 
rat fleas. Occurrence of infection depends on prox¬ 
imity to rats, and estimated incidence rates in mili¬ 
tary groups are not available. During World War II, 
there were 786 cases with 15 deaths diagnosed in 
the US Army 510 despite widespread vaccination 
against epidemic typhus, which provided some 
degree of cross-protection. Rodent control has been 
effective in keeping service member exposure low 
in US military bases, but new missions, such as as- 
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sistance to refugee groups (which often occupy ro¬ 
dent-infested temporary camps), increase the risk 
of exposure. Because plague is dependent on the 
same host (rats) and vector (fleas), the presence of 
murine typhus in a given setting provides warning 
that propagation and transmission of that more se¬ 
rious infection is also possible. 

Description of the Pathogen 

The etiologic agent of murine typhus is R typhi, 
a Gram-negative, obligate intracellular bacterium 
that multiplies in the cytoplasm of infected cells. It 
shares group antigens with R prowazekii, the cause 
of epidemic, or louse-borne, typhus. Both of these 
typhus-group organisms share membrane antigens 
with Proteus and Legionella bacilli, the former being 
the basis of the Weil-Felix reaction against the OX- 
19 antigen. 511 

Epidemiology 

Transmission. Murine typhus is a zoonosis main¬ 
tained in nature in a cycle involving rats (and to some 
extent other small mammals such as the opossum) and 
their fleas, lice, and mites. The rat serves as the reser¬ 
voir and amplifying host, while the Oriental rat flea 
(Xenopsylla cheopis ) and, to a lesser extent, the cat flea 
(Ctenocephalides felis) serve as vectors for transmission 
to humans. 512 The flea becomes infected by feeding 
on rickettsemic rats or other small mammals. R typhi 
is then excreted in the feces for the life of the infected 
flea. Infection of humans occurs by contamination of 
a flea bite or skin abrasion by the feces of the vector 
or through inhalation of dried infective feces. The kill¬ 
ing of rats may cause their fleas to transfer to humans 
at an increased rate. 

Geographic Distribution. Murine typhus occurs 
worldwide, depending on human exposure to ro¬ 
dents and their infected fleas. Most important are 
rats, in particular Rattus norvegicus and R rattus, 
which are prevalent in urban and port areas. De¬ 
pendent on human food and waste, these rats are 
found around buildings storing food. 513 Rodent in¬ 
festation of homes is widespread in the tropics, 
which leads to domestic exposures. 514 Despite the 
rodent control measures practiced in the United 
States, continued endemicity of murine typhus is 
well documented in the warmer states (where many 
military training bases are located), with hundreds 
of cases occurring in Texas in the 1980s. 515 Condi¬ 
tions of refugee camps are also conducive to rodent 
infestation, and murine typhus occurs in them both 
sporadically and in outbreak form. 516 ' 517 


Incidence. Murine typhus generally occurs sporadi¬ 
cally and few incidence data are available. Estimated 
annual incidence rates among Khmer refugees in 
two camps in Thailand were 2.2% 517 and 0.5%. 516 
Prevalence of R typhi-speciiic antibody varies 
greatly; in Africa reports show prevalence in the 
range of 1% to 20% 518 ; in Thailand, 7% 519 and 8% 495 ; 
and in Indonesia, 34%. 520 

Pathogenesis and Clinical Findings 

The pathogenesis of murine typhus is very simi¬ 
lar to that of scrub typhus, with the endothelial cell 
as the primary target cell. While the basic lesion 
causing disease is a vasculitis, disseminated 
rickettsemia is not preceded by the production of 
an eschar at the site of inoculation. After a 6- to 14- 
day incubation period, illness begins as fever and 
severe headache. A maculopapular rash appears on 
the trunk and extremities several days later but is 
difficult to detect in dark-skinned persons. Al¬ 
though the untreated disease can be severe, debili¬ 
tating, and take months for full recovery, compli¬ 
cations are few and the case-fatality rate is less than 
5% in untreated cases. 

Diagnostic Approaches 

Clinical. Murine typhus is a persistent febrile ill¬ 
ness that lacks specific clinical signs. Less than a 
third of patients may recall a preceding flea bite or 
the presence of rodents in their environment. 515 
Medical staff are faced with a wide differential di¬ 
agnosis, which may include malaria, dengue fever, 
scrub typhus, and mild cases of epidemic typhus. 
Persistent fever, retro-orbital headache, and rash in 
an individual with peri-domestic or urban rodent 
exposure should lead to consideration of murine 
typhus. Presumptive treatment with a tetracycline 
or chloramphenicol leads to a favorable clinical re¬ 
sponse in most patients within 48 hours. 

Laboratory. Diagnosis by isolation of the organism 
from blood is possible but difficult and hazardous. 
Thus, in practice, laboratory diagnosis depends on 
serologic techniques. As with scrub typhus, the IFA 
test is the serologic gold standard. Antigen slides 
and control sera are commercially available, but 
fluorescent microscopes are expensive. The still fre¬ 
quently used Weil-Felix test with Proteus OX-19 
antigen can have a specificity exceeding 95% when 
the cut-off value for positivity is defined as greater 
than or equal to 1:160. Unfortunately, at this cut¬ 
off, sensitivity is only 80% overall; the assay does 
not detect antibody in one third of sera collected 
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during acute infection. 521 A dot-ELISA is commer¬ 
cially available, similar to the one for scrub typhus. 
This assay is more reproducible than the IFA, has a 
sensitivity and specificity of about 90%, 521,522 and 
(similar to the IFA) cannot distinguish murine from 
epidemic typhus antibodies. The current dot-EFISA 
requires refrigeration of reagents, but efforts are 
underway through lyophilization to remove this 
limitation to field deployability. 

Therapy, Prevention, and Control 

Treatment regimens are the same as for scrub 
typhus (see above). The basis of prevention of mu¬ 
rine typhus is domestic rodent control directed at 
the Norway rat ( R norvegicus) and the roof rat ( R 
rattns). Good rodent control can be achieved by pre¬ 
venting access of rodents to buildings, practicing 
good sanitation, poison baiting, and trapping. Once 
an infestation of rodents occurs, it is important to 
protect people from existing flea populations be¬ 
fore starting rodent control. The usual recommen¬ 
dation is to dust burrows (Norway rats only) and 
runs with carbaryl dust, but indoor flea treatments 
with pyrethroids would also be helpful. For indi¬ 
vidual service members, DEET in the standard De¬ 
partment of Defense repellent is effective against 
fleas. Where available, commercial aerosol repel¬ 
lents applied to the trousers and boots are conve¬ 
nient and will prevent flea bites when personnel 
pass through infested buildings or bunkers. Anti¬ 
body assay of local domestic rodents would prob¬ 
ably be the most sensitive indicator of the presence 
of murine typhus. 

Epidemic Typhus Fever (Rickettsia prowazekii) 
Introduction and Military Relevance 

Epidemic typhus is a louse-borne rickettsial dis¬ 
ease with significant mortality that tends to be as¬ 
sociated with the poor hygiene frequently accom¬ 
panying war and civil dislocations. During World 
War I, epidemic typhus killed 150,000 people in 
Serbia, including 50,000 prisoners of war and one 
third of the country's physicians. 510 During World 
War II, the threat of typhus led the US Secretary of 
War to establish the Typhus Commission. Because 
of the Commission's recommendations and research, 
advances were made in diagnostics, therapeutics, 
louse-control methods, and vaccine development 
(Figure 35-25). A military-wide program of vacci¬ 
nation and command enforcement of Commission 



Fig. 35-25. Epidemic typhus prevention during World 
War II. US Army Medical Service personnel at the Medi¬ 
terranean Base Section in Algiers treat Arab children with 
new insecticide powder (DDT) designed to kill typhus lice. 
Photograph: Courtesy of Dr. Theodore Woodward. 


recommendations led to the occurrence of only 104 
cases of epidemic typhus in the US Army during 
World War II, despite epidemic occurrence in other 
military and civilian populations. 510 There was no 
significant incidence of epidemic typhus in the US 
military during either the Korean or Vietnam wars. 
In contrast, immediately following World War II 
more than 30,000 cases were reported in Japan and 
Korea, with a 6% to 10% mortality rate in both coun¬ 
tries. 523 Newer missions, including disaster and 
humanitarian relief efforts that entail medical care 
of displaced and refugee populations, are likely to 
place medical units at risk of infection. 

Description of the Pathogen 

The etiologic agent of epidemic typhus is R 
prowazekii, a Gram-negative, obligate intracellular 
bacterium that multiplies in the cytoplasm of infected 
cells. It shares group antigens with R typhi. Both 
typhus group rickettsiae have epitopes also found on 
the membranes of Proteus (OX-19) and Legionella 
bacilli. 511 The epitopes produce cross-reactions. 

Epidemiology 

Transmission. Humans are infected by R prowazekii- 
containing feces of the body louse ( Pediculus 
humanus), which is distinct from the head louse. 
Body lice actually live and lay eggs in clothing, ex¬ 
iting at least daily to take blood from the host. In- 
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fection usually occurs by rubbing the crushed body 
or feces of the louse into its bite or into skin abra¬ 
sions but may also occur by inhalation or exposure 
of mucous membranes. Humans act as the reser¬ 
voir and maintain the infection between epidem¬ 
ics. Lice may become infected from patients with 
either acute or recrudescent typhus. R prowazekii can 
remain infectious for months in dried louse feces. 
In the United States, a zoonosis also exists in flying 
squirrels and the organism is occasionally spread 
to humans, most likely via the squirrel flea. 

Geographic Distribution. Epidemic typhus oc¬ 
curs in colder climates where people live in condi¬ 
tions of poor hygiene leading to infestation by body 
lice. Endemic foci exist in the mountainous regions 
of Mexico and Guatemala, the Andes mountains in 
South America, the Himalayan countries (eg, Paki¬ 
stan, Afghanistan), the highland region of Africa 
(eg, Ethiopia, Burundi, Rwanda, Lesotho) and 
northern China. The Balkans, Eastern Europe, and 
Russia continue to experience high rates of recru¬ 
descence (Brill-Zinsser disease) because of the mil¬ 
lions of people infected during World War II. 

Incidence. Epidemic typhus is usually associated 
with war, famine, and social disruption, which pre¬ 
dispose to lousiness and increased population density. 
An example of this is the major outbreak during 
the war in Burundi in 1996 and 1997. 524 Endemic 
patterns of disease occur, such as the sporadic cases 
seen in the Andes, and are spread at low rates from 
either acute or recrudescent cases. 

Pathogenesis and Clinical Findings 

Epidemic typhus occurs after an incubation period 
of 8 to 12 days following exposure to the organism 
and is characterized by rickettsemia and systemic in¬ 
fection of endothelial cells. The disease is more se¬ 
vere than scrub or endemic typhus, with fatality rates 
of 10% to 60% in untreated patients. If the patient does 
not die in 14 to 18 days, he or she usually recovers, 
with defervescense over a 2- to 4-day period. 

Diagnostic Approaches 

Clinical. In the appropriate epidemiologic set¬ 
ting, louse-borne typhus should be suspected in 
patients with abrupt onset of persistent fever (39°C- 
41 °C), intractable headache, and relative bradycar¬ 
dia. No eschar develops. A rash occurs after 4 to 7 
days, starting on the trunk and spreading to the 
extremities. Multiple systems are involved; death 
is associated with stupor, renal failure, and hypoten¬ 


sive shock. 

Laboratory. The Weil-Felix agglutination test 
with Proteus OX-19 antigen is available and quite 
specific. IFA can be used to diagnose typhus but 
requires specific preabsorption to allow differentia¬ 
tion from murine typhus. Differentiation can also 
be made by species-specific complement fixation or 
toxin neutralization tests. R prowazekii can be iso¬ 
lated from blood or tissue by inoculation of tissue 
culture or guinea pigs. This is useful to prove etiol¬ 
ogy but is too slow for use in diagnosis of the indi¬ 
vidual patient. 

Therapy, Prevention, and Control 

Therapy. A single dose of doxycydine (100 or 200 
mg) is the treatment of choice for epidemic typhus. 
Temperature usually normalizes in about 60 hours. 
Recrudescence, which is usually mild, may occur 
within months of initial infection or many years 
later (Brill-Zinsser disease); it should be treated 
with another course of the therapy. Supportive 
therapy and antibiotics for complicating infections 
may be required. 

Prevention and Control. Medical personnel deal¬ 
ing with lousy prisoners of war or refugees are at 
considerable risk of infection by inhalation of louse 
feces and body parts during initial processing of 
these individuals. A simple particle filter paper 
mask probably minimizes risk until prisoners or 
refugees can be bathed and treated for lice. Person¬ 
nel should also practice good hygiene by bathing 
after coming in contact with lousy people. The 
permethrin-treated battle dress uniform should pre¬ 
vent infestation of service members, but this has 
never been tested. Lice can be eliminated from cloth¬ 
ing by boiling or dry cleaning and from individual 
people by application of pediculicides, but these 
techniques require a great deal of attention for each 
lousy person. Formerly, the US military had a sys¬ 
tem for quickly delousing people using a power 
duster to inject insecticidal powder into the clothes 
currently worn by a person. That system depended 
on an insecticide (lindane) that is no longer consid¬ 
ered safe and on equipment that is no longer main¬ 
tained. There is some possibility that ivermectin 
could be used as a systemic pediculicide and so 
eliminate the need for dusting lousy individuals, 
but this use of the drug has not yet been tested. 
Long-term control depends on improved hygiene 
and living conditions. When intensive exposure is 
anticipated, doxycycline may be used for prophy¬ 
laxis (100 mg 1 or 2 times per week) although its 
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efficacy has not been proven. Vaccines, consisting 
of either killed or attenuated organisms or of puri¬ 
fied subunit proteins, have been developed and 
tested but are not currently available except in Rus¬ 
sia. Noteworthy is the fact that murine typhus pro¬ 
vides cross-immunity against epidemic typhus. 525 

Spotted Fever 

Introduction and Military Relevance 

Human diseases caused by spotted fever group 
(SFG) rickettsiae, while having wide geographic 
distribution, occur infrequently. The diseases and 
their etiologic agents include the ixodid tick-borne 
diseases Rocky Mountain spotted fever (RMSF) (R 
rickettsii), Mediterranean spotted fever (MSF) (other 
names: boutonneuse fever, Kenya tick typhus, In¬ 
dian tick typhus, Marseilles fever) (R conorii), South 
African tick typhus (R africae), North Asian or Sibe¬ 
rian tick typhus (R s ibirica), Japanese spotted fever 
(R japonica), Queensland tick typhus (R australis), 
and Flinders Island agent (R honei). Unlike their sta¬ 
tus as the reservoir of epidemic typhus-causing R 
prowazekii, humans are incidental hosts of SFG 
rickettsiae and become infected through the bite of 
infected ticks or mites that normally feed on a vari¬ 
ety of small mammals. RMSF is the most severe of 
the SFG rickettsial diseases and is the most com¬ 
mon fatal tick-borne disease in the United States. 
RMSF was first recognized in 1873 in the Bitter Root 
Valley of western Montana. Incidence has declined 
in that region since the 1930s while increasing in 
the eastern United States, where it had previously 
been uncommon. 

Studies in military populations have documented 
the episodic impact of SFG rickettsioses on military 
training and operations in tick-infested areas. 526 
During World War II, the first isolates of R australis 
were recovered from the blood of two soldiers de¬ 
ployed in North Queensland, Australia. 527 In 1989, a 
cluster of tick-borne infections due to R rickettsii or 
Ehrlichia species or both occurred in two military 
installations in the continental United States. 528 Fol¬ 
lowing a 2-week deployment to Botswana in 1992, 
31 of 169 US airborne soldiers based at Vicenza, 
Italy, were diagnosed with laboratory-confirmed 
spotted fever rickettsiosis consistent with African 
tick-bite fever. 529 Later that year, during Operation 
Restore Hope, MSF was diagnosed in a 36-year-old 
male soldier following deployment to Somalia. 530 
Thus, while SFG rickettsioses continue to occur in 
service members, the impact of these diseases on 
military operations and readiness is quite limited. 


Description of the Pathogen 

The organisms that cause these diseases are 
Gram-negative, obligate intracellular bacteria that 
multiply in the cytoplasm of infected cells. In addi¬ 
tion to the intracytoplasmic growth common to rick¬ 
ettsiae, the SFG organisms also grow within the 
nucleus in a small proportion of cells. They have com¬ 
mon protein and lipopolysaccharide group antigens 
and some proteins distinguishable by Western blot. 
Polymerase chain reaction/restriction fragment 
length polymorphism (PCR/RFLP) analyses are most 
useful for identifying and distinguishing species. 

Epidemiology 

Transmission. Etiologic agents of the rickettsial 
spotted fevers are enzootic in nature. Several spe¬ 
cies of ixodid ticks function as reservoir, host, and 
vector. The agents are transmitted both vertically 
through transovarial passage and horizontally 
through vertebrate hosts of the ticks. In the eastern 
United States, the dog tick ( Dermacentor variabilis) 
is the most common vector of R rickettsii; in the west 
it is the wood tick (D andersoni). Amblyomma 
cajennense is the common vector in Central and 
South America. Rhipicephalus sanguineus is the most 
common vector of R conorii in Europe, Asia, and 
northern Africa; in east and southern Africa, Haema- 
physalis (spreading R conorii) and Amblyomma 
(spreading R africae) ticks have been implicated. D 
nutallii (spreading R s ibirica) and Ixodes holocyclus 
(spreading R australis) are also vectors. 

Geographic Distribution. In the United States, 
the vast majority of cases of RMSF are reported in 
the southeastern states, particularly North and 
South Carolina, but cases are reported in nearly all 
states. 531 R rickettsii is distributed throughout the 
Western hemisphere; R conorii in Africa and the 
Mediterranean littoral including France, Italy, and 
Spain; R australis in Australia; R japonica in Japan; 
and R s ibirica in Asia and Eurasia. New distribu¬ 
tions are likely to occur; spotted fever was described 
in both Japan and Thailand for the first time in the 
1990s. 532 ' 533 

Incidence. The incidence of RMSF in the United 
States increased through the 1960s and 1970s to a 
high of 1,192 cases in 1981, then declined steadily 
to about half that number in 1995. 534 Recent inci¬ 
dences have been highest in Oklahoma, the Caroli- 
nas, and Tennessee, with these states accounting for 
half of all reported cases. 531 Ninety percent of cases 
occurred between April and September, with half 
presenting in May and June. There were 242 cases 
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of RMSF in the United States between 1981 and 
1992, 4% of which were fatal; however, in a Brazil¬ 
ian outbreak in 1990-1991, four of six cases were 
fatal. 535 The fatality rate for MSF has been reported 
at 2.5%. 536 

Pathogenesis and Clinical Findings 

Pathogenesis of the SFG rickettsiae is similar to 
that of the scrub typhus group and typhus groups, 
with endothelial cells, including those of capillar¬ 
ies, being the primary target. The bite of the arthro¬ 
pod vector (in the case of ticks, the tick can remain 
attached for several hours) results in the inocula¬ 
tion of rickettsiae directly into the dermis. Infection 
by scarification of tick feces and inoculation of con¬ 
junctiva by crushed tick juices have been reported. 
The incubation period for RMSF is 2 to 14 days 
(mean of 7 days) 531 and about 20% of patients have 
a small primary lesion. The disease is characterized 
by fever (in 94% of patients), severe headache (86%), 
myalgia (82%), rash (80%), malaise, nausea, vomit¬ 
ing, and abdominal pain. The rash appears on about 
the third day of illness and is pink and maculopapu- 
lar, localized to the forearms, palms, soles, and legs. 
In MSF, the frequency of rash is nearly 100% and 
an initial cutaneous lesion with a necrotic center 
("tache noire") at the site of tick bite is frequent 536 
(Figure 35-26). The disease course of MSF, Oriental 
spotted fever, and African, Siberian, and Queensland 
tick typhus tends to be milder than that of Israeli 
MSF, which is itself milder than that of RMSF. 



Diagnostic Approaches 

Clinical. Only about half of confirmed cases of 
RMSF have the classic triad of rash, fever, and head¬ 
ache. 531 Absence of a rash ("spotless fever") or hav¬ 
ing G6PD deficiency is associated with increased 
severity. RMSF should be suspected in patients ex¬ 
posed to wooded areas from April to October or 
with a specific history of tick bite. 

Laboratory. The IFA test remains the standard 
serological test for the SFG rickettsiae and is highly 
group specific and group sensitive. Four-fold rises 
in IgG to greater than 1:64 are considered to be di¬ 
agnostic, whereas single serum titers greater than 
1:128 are suggestive. For MSF, a 4-fold rise or a 
single titer greater than 1:80 in conjunction with 
presence of two of the three signs of fever, rash, and 
eschar is considered diagnostic. 536 Antigen slides for 
IFA and dipstick assays for detection of R rickettsii 
and R conorii are available commercially. The agents 
can be identified in situ by direct fluorescent anti¬ 
body staining of frozen sections of biopsied lesions. 
The test is highly specific; however, a sensitivity of 
about 70% means that a negative test does not rule 
out infection. Polymerase chain reaction was used 
to diagnose SFG rickettsiosis in a soldier whose bi¬ 
opsy was negative by direct fluorescent antibody. 530 

Therapy, Prevention, and Control 

Therapy. Empiric treatment should be initiated 
before laboratory confirmation (tetracycline: 25 mg/ 



Fig. 35-26. (a) An eschar or "tache noire" on the right calf of a soldier who acquired Rickettsia conorii infection in 
Somalia in 1993. Note the centralized necrosis within the lesion, (b) A hematoxylin and eosin stain of biopsied section 
(xl40) from the eschar in (a). Note the necrosis of the epidermis and the superficial dermis and the perivascular 
lymphohistiocytic infiltrate with endothelial cell swelling. 

Reprinted with permission from: Williams WJ, Radulovic S, Dasch GA, et al. Identification of Rickettsia conorii infec¬ 
tion by polymerase chain reaction in a soldier returning from Somalia. Clin Infect Dis. 1994;19:93-99. 
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kg per d in four divided doses, doxycycline: 200 
mg/d in two divided doses, or chloramphenicol: 
50 mg/kg per d in four divided doses). 

Prevention and Control. Ticks are often concen¬ 
trated at the edges of roads, along paths created by 
large mammals, and near places where animals get 
water. The permethrin-treated battle dress uniform 
offers excellent protection from ticks. DEET in the 
standard DoD repellent discourages tick bites. 
DEET applied to the trousers and boot tops repels 
ticks crawling up the outer clothing to find a place 
to bite. Blousing trousers inside the boots provides 
more protection than using elastic bands. Area treat¬ 
ment with pesticides for ticks is effective, especially 
at encampments, fighting positions, and along 
paths. In infested areas, service members should 
check themselves for attached ticks at least twice a 
day, examining all areas including the groin, 
perineum, and hairline. Whenever possible, ticks 


Introduction and Military History 

Plague is one of the most deadly infectious dis¬ 
eases in history and has been a "traditional scourge 
of military operations," 537pS often "brought in the 
train of armies or of commerce." 538p167 The disrup¬ 
tion and devastation that occur in the wake of a war 
lead to a breakdown in sanitary conditions, to 
crowding, and consequently to favorable conditions 
for the proliferation of rats and fleas. Despite the 
expansion of medical knowledge in the 20th cen¬ 
tury, humans have not been able to eradicate the 
disease, as is evidenced by a succession of outbreaks 
and the persistence of natural foci. 538 

In addition to its potential to cause substantial 
mortality, plague can have a tremendous psychologi¬ 
cal impact, as is described by Cartwright: "The Black 
Death must have seemed to be of supernatural ori¬ 
gin, a punishment inflicted by a higher power upon 
unknown sinners for unknown crimes." 539p46 In 1994, 
an outbreak of pneumonia with a high fatality rate in 
India was perceived as a global health emergency 540 
and caused heightened awareness and increased sur¬ 
veillance internationally. 541 There were press reports 
at the time describing an exodus of hundreds of thou¬ 
sands of people from the city of Surat, where the out¬ 
break began. The cost of implementing emergency 
response systems internationally and the losses in 
Indian tourism were substantial. 542 A few cases were 
later confirmed as plague but by unvalidated sero¬ 
logic techniques. The devastating psychological and 


should be removed with a forceps, grasping the tick 
as close to the skin as possible and pulling with a 
steady, increasing tension. A fully attached tick can 
sometimes be dislodged more easily if a sterile 
needle is used to loosen the mouthparts, probing 
their ventral side while pulling with forceps. All 
skin contact with the tick should be avoided to pre¬ 
vent exposure to infectious hemolymph (tick blood 
released from a crushed tick) or coxal fluid (a clear 
liquid released from glands between the legs dur¬ 
ing feeding). Where ticks are particularly abundant, 
it can be useful to keep a small container of alcohol 
for disposal of ticks. Surveillance of ticks can be ac¬ 
complished with tick drags (pieces of cloth trailed 
through the area of interest) or carbon dioxide re¬ 
leased from dry ice on a white cloth. No licensed 
vaccine is presently available. 

[Arthur E. Brown, Daniel A. Strickman, Daryl J. Kelly] 


economic consequences of the Indian experience, 
however, illustrate the importance of using micro¬ 
biological confirmation and a thorough assessment 
of risks by a multidisciplinary team before declar¬ 
ing an epidemic emergency. 540,543 

The first documented plague epidemic may have 
been the Bible's description of illness among the 
Philistines in 1320 BC. 538,539,544 Since then, there have 
been three pandemics, all related in part to mili¬ 
tary operations. The first was the Justinian plague 
of the 6th century, named after the Byzantine em¬ 
peror at the time. The outbreak began in Egypt and 
spread throughout Asia Minor, Africa, and Europe 
via merchant and military travel. In Constantinople, 
the epidemic affected the city for 4 months, with 
5,000 to 10,000 people dying each day during peak 
periods. Many of the city's services were disrupted, 
including the food supply. 545 Warnefried, a German 
monk and historian from the 8th century, chronicled 
the devastation made by the disease, which "de¬ 
populated towns, turned the country into a desert, 
and made habitations of men to become the haunts 
of wild beasts." 544p12 The second, and most well- 
known, pandemic began its spread to Europe in 
Caffa, on the Black Sea, in 1346. It has been alleged 
that the outbreak within the city walls began after 
Tartar armies besieging the city began catapulting 
plague-infected corpses into the city. Individuals 
fleeing the area and merchant ships were suspected 
of carrying the infection to Europe, beginning a se¬ 
ries of epidemics throughout the continent that 
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killed up to one fourth of the population 546 and be¬ 
came known as the "black death." 538 Before devas¬ 
tating Europe, the disease had already killed 250 
million Asians. 545 The third pandemic occurred from 
1894 to 1920 and may continue today. 540 It began 
when Chinese troops were sent to the Yunnan Prov¬ 
ince, a plague-endemic area, to quell a Muslim re¬ 
bellion. The disease subsequently spread—via a 
series of outbreaks that followed the military's 
movements to the coastal cities and beyond—to 
surrounding Asian countries. 538 During World War 
II, there were numerous reports of outbreaks in 
North Africa and the China-Burma-India theater 
among the civilian population in endemic regions. 
DDT was used for flea control along with other 
measures, including rodent trapping, poisoning, 
and gassing; community sanitation; spraying of 
ships and aircraft for insect vectors; inspection and 
quarantining of cases; and restricting access to high- 
risk areas. 547 During the Vietnam War, although the 
country was widely known to be endemic for 
plague and service members were definitely ex¬ 
posed to rat fleas (as was shown by 58 cases of 
murine typhus), US vaccination efforts may have 
been the reason there were only eight recognized 
cases among US forces. 537,548 The US military has not 
had a severe problem from the disease, largely due 
to the implementation of effective control measures. 
Respect for this disease is warranted, though, be¬ 
cause an army could be incapacitated quickly by 
an outbreak of pneumonic plague. 

Because of the devastation it can cause, plague 
is a potential biological warfare agent. 549 During 
World War II, the Japanese conducted biological 
warfare experiments on Chinese prisoners, expos¬ 
ing them to plague and other agents. The Japanese 
also released rice and wheat with plague-infected 
fleas over Chuhsien and Ningpo in China, killing 
21 and 99 people, respectively. 550 During the Korean 
War, there were unsubstantiated allegations that US 
planes scattered plague- and cholera-infected in¬ 
sects. 550,551 

Although service members can be at risk for 
plague when engaged in combat or during operations 
involving disasters, refugees, or humanitarian as¬ 
sistance, they may also be at risk during routine 
training exercises in the United States. Plague has 
been detected in rodents on or around military in¬ 
stallations in California, Arizona, Colorado, New 
Mexico, Washington, Oregon, Texas, and Utah. 552 A 
case of bubonic plague in a soldier was reported in 
1992 after the soldier had been in central California 
on a military exercise. 553 


Description of the Pathogen 

Plague is caused by infection with the Gram¬ 
negative, nonspore-forming, nonmotile coccobacil- 
lus Yersinia pseudotuberculosis subspecies pestis, com¬ 
monly known as Y pestis and previously known as 
Pasteurella pestis. 538,554 It was first isolated and de¬ 
scribed in 1894 by Kitsato and Yersin while both 
were studying an outbreak of bubonic plague in 
Hong Kong. 538 Controversy still exists over which 
one should properly receive credit for discovery of 
the organism. 546 

Epidemiology 

Transmission 

Plague is primarily a zoonotic disease of wild 
rodents 538 and is typically transmitted among them 
or to other animals (including domestic animals) 
or humans by the bite of infected fleas infesting the 
animals. In addition to vector-borne transmission, 
plague can be transmitted by infected body fluids 
and tissues through cuts and abrasions. Transmis¬ 
sion by ingestion of infected tissues by carnivores 
has been demonstrated 546 and could theoretically 
occur in those who ingest uncooked or undercooked 
rodent meat. Infection can also occur by mechani¬ 
cal spread of airborne organisms through ocular and 
oropharyngeal mucous membranes. Direct spread 
to the lungs by infectious droplet nuclei from a hu¬ 
man or animal with pneumonic or pharyngeal 
plague also occurs. 554 Asymptomatic individuals 
with culture-proven pharyngeal plague have been 
noted, 546,555 but their role in the transmission of hu¬ 
man infections is not known. 

Except in the case of pneumonic plague, humans 
are both accidental and dead-end hosts and do not 
play a role in the maintenance of Y pestis in nature. 
The risk of transmission to humans corresponds to 
the presence of the flea vector because plague is 
generally transmitted to humans by the bite of an 
infected flea. The largest outbreaks in humans have 
had the common black and brown rats as reservoirs 
(Rattus rattus and Rattus norvegicus, respectively) 
and the oriental rat flea ( Xenopsylla cheopis ) as the 
vector. 546 In the United States, only sporadic cases 
of human plague occur and are generally associ¬ 
ated with sylvatic foci and reservoirs such as the 
ground squirrel, rock squirrel, and prairie dog. 556 
Large-scale human outbreaks can occur, however, 
if humans live in overcrowded, unsanitary urban 
conditions near a large infected commensal or wild 
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rodent population. Plague is generally felt to occur 
when humans enter the areas of rodent habitat 
while an epizootic is ongoing, but infected animals 
may enter areas of human habitat as well. 557 This 
includes domestic dogs and cats, which may carry 
infected fleas into homes. 62p381 “ 387 Since 1977, cats 
have played an important role in transmitting 
plague, including pneumonic plague, to humans in 
the United States. 558 

Geographic Distribution 

In recent years, plague has been reported on the 
major continental areas of North and South 
America, Africa, and Asia. 

Incidence 

Data on worldwide incidence are crude and in¬ 
complete. In addition, no uniform criteria exist for 
defining a confirmed or suspected case. 546 For the 
period 1978 through 1993, there were 16,921 cases 
and 1,642 (9.7%) deaths reported worldwide (aver¬ 
age of 1,057 cases per year, range of 200 to 1,966 per 
year). During the period 1978 through 1992, the six 
countries that reported human plague nearly ev¬ 
ery year were Brazil, Madagascar, Burma, the 
United Republic of Tanzania, the United States, and 
Vietnam. China has reported cases annually since 
1985. From 1983 through 1992, 61% of cases and 77% 
of deaths occurred in Africa. 559 

Plague has exhibited a seasonal incidence. In the 
United States between 1950 and 1975, 84% of cases 
related to exposure to wild animals and their fleas 
occurred between May and September. In Brazil, 
October to December is the peak time. The fluctua¬ 
tions may be related either to seasons when people 
spend more time outdoors either for leisure or 
working during the harvest or to variations in res¬ 
ervoir populations. The seasonal variation may also 
be related to characteristics of the flea vector. The 
life span of X cheopis is 27 days once its feeding tube 
is blocked by the plague bacillus; however, the fleas 
will die rapidly if the temperature rises or the hu¬ 
midity falls. In addition, coagulation of the ingested 
blood in the alimentary tract of the flea is felt to be 
important in the disease cycle and does not occur 
at temperatures greater than 25°C. 546 

From 1944 through 1993, there were 362 reported 
human plague cases in the United States, with the 
majority occurring in New Mexico, California, Colo¬ 
rado, and Arizona. Human plague has now been 
reported from all states in the western continental 
United States, and epizootic plague appears to be 
spreading eastward and northward. 540,558 In 1993, 


there were 10 confirmed cases: seven bubonic, two 
primary septicemic, and one pneumonic. There was 
one death. Recent trends include peri-domestic 
transmission, with cats as a source of human infec¬ 
tion 558 and increased risk of human infection be¬ 
cause of urban spread into previously wild areas. 552 

Pathogenesis and Clinical Findings 

After the flea ingests a blood meal from an animal 
with Y pestis bacteremia, a coagulase from the ba¬ 
cilli clots the blood in the flea's foregut, thus block¬ 
ing its ability to swallow. The organism multiplies 
in the clotted blood. During subsequent feeding 
attempts, thousands of organisms may be regurgi¬ 
tated by the flea into a person's skin. Once in the 
skin, the bacteria travel through lymphatic chan¬ 
nels to regional lymph nodes. Host mononuclear 
phagocytes and polymorphonuclear leukocytes 
phagocytize the bacilli, which have a small amount 
of envelope antigen. The bacilli are not destroyed 
but may multiply in the mononuclear phagocytes 
and become relatively resistant to more phagocy¬ 
tosis once the mononuclear cell lyses. Infected 
lymph nodes are notable for concentations of ex¬ 
tracellular bacilli and polymorphonuclear leuko¬ 
cytes, as well as destruction of the normal lymph 
node architecture and hemorrhagic necrosis. Explo¬ 
sive multiplication of the organisms occurs with 
transient bacteria. In the absence of therapy, intense 
and destructive inflammatory reactions occur in 
many organs, especially the lymph nodes, liver, and 
spleen. Explosive bacterial growth generally pre¬ 
cedes death. 546,560 

Cases of plague are categorized as bubonic, sep¬ 
ticemic, and pneumonic, although other more be¬ 
nign forms have been recognized. 

Bubonic Plague 

A patient with bubonic plague typically will have 
the acute onset of fever, malaise, headache, and dif¬ 
fuse aches from 1 to 7 days after being bitten by an 
infected flea. This may be followed by nausea and 
vomiting several hours later, 62,538 although vaccina¬ 
tion may reduce the incidence and severity of dis¬ 
ease. 561 Localized pain and tenderness will occur 
before palpable adenitis. Buboes are characteristic 
of the disease but not pathognomonic and usually 
involve a single lymph node chain in the groin, ax¬ 
illa, or neck. The infecting bite usually occurs on 
the lower extremity, hence the femoral nodes are 
the nodes affected up to 90% of the time. 538,553 The 
bubo can be so tender that patients attempt to avoid 
any movement of the affected area. 544,556 A striking 
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feature of bubonic plague is the sudden onset of 
the fever with a bubo, the rapid development of 
intense inflammation in the bubo, and the fulmi¬ 
nant course that can produce death as quickly as 2 
to 4 days after the onset of symptoms. 556 The mor¬ 
tality from bubonic plague in treated individuals is 
2% but as high as 50% to 60% in the untreated. 562,563 

Patients with bubonic plague may have a vari¬ 
ety of dermatologic findings. Up to one fourth of 
patients in Vietnam had pustules, vesicles, eschars, 
or papules near the bubo or anatomic area drained 
by the affected lymph nodes. Rarely, these lesions 
can progress to cellulitis or abscesses; they may even 
ulcerate, yielding a large carbuncle. 555,556 A small 
vesicle (which may go unnoticed) or carbuncles can 
develop at the primary site of infection, or second¬ 
ary carbuncles or necrotic ulcers of hematogenous 
origin may develop on all parts of the body. Gener¬ 
alized pustular eruptions, known as plague pox or 
plague variola, have been recorded. The dermato¬ 
logic findings may coincide with or precede the for¬ 
mation of the buboes. 544 Plague meningitis is a com¬ 
plication that can occur when the meninges are 
hematogenously seeded from a bubo, often after 
bubonic plague has been inadequately treated. 

Septicemic Plague 

Septicemic plague can be secondary to untreated 
bubonic plague or it can be primary, in the absence 
of adenopathy. Dissemination to any organ can oc¬ 
cur, but the most common sites are the lungs, eyes, 
meninges, joints, and skin. Small vessels can be oc¬ 
cluded secondary to vasculitis, leading to purpura 
and even gangrene of the skin and digits. These 
obvious physical examination findings probably are 
responsible for the term "black death." 554 Septice¬ 
mic plague is rapidly fatal if untreated. 

Pneumonic Plague 

Plague may affect the lungs in several forms, 
which exist along a continuum: well-marked foci 
with consolidation, congestion and edema without 
consolidation, or a transitory form with a slight 
pneumonitis. 538,544 The first of these three types is 
classic pneumonic plague. The patient does not 
develop a bubo but within 24 hours of the onset of 
symptoms develops a cough with mucopurulent 
sputum, which may progress to sanguinopurulent 
sputum. 538 Although the patient appears acutely ill, 
it may take 6 to 8 hours for definite signs of clinical 
pneumonitis to appear. Chest x-ray evidence of 
pulmonary infiltration can be present despite the 
initial lack of physical signs of pneumonia. 544,564 


Secondary pneumonic plague occurs in persons 
with bubonic or septicemic plague when the lungs 
are seeded by organisms in the bloodstream. In pa¬ 
tients with secondary pneumonic plague, average 
survival time ranges between 2 and 4 days. 553 Pri¬ 
mary pneumonic plague occurs from the inhalation 
of infectious droplet nuclei expelled from a person 
or animal with pneumonic plague. The average sur¬ 
vival time for those with primary pneumonic plague 
is 1.8 days. 562 The public health consequences of pneu¬ 
monic plague can be serious 554 because it has a short 
incubation period of 2 to 4 days, is rapidly fatal, 
and spreads rapidly to close contacts. An outbreak 
of pneumonic plague could literally halt an army 
unit in its tracks. 

Plague pharyngitis is a rare form of the disease 
that may occur as a result of inhalation of organ¬ 
isms from patients with pneumonic plague or from 
ingestion of plague organisms. Patients with plague 
pharyngitis may have anterior cervical lymph node 
swelling and tonsillar exudates, although asymp¬ 
tomatic forms have been noted. 546,555 

Other 

More benign forms of plague have been noted. 
In the type called "ambulant" plague, a vesicle 
forms at the site of skin inoculation and there is mild 
local lymphangitis without systemic signs. A sec¬ 
ond type, called "pestis minor," may have a vari¬ 
able presentation and is difficult to distinguish from 
cases of bubonic plague without significant bacte¬ 
ria. One or more lymph nodes may be involved, but 
there is not the significant pain associated with 
bubonic plague. The patient may have some sys¬ 
temic complaints of fever, headache, and prostra¬ 
tion, but the complaints do not last longer than a 
week and do not include the marked local inflam¬ 
mation of bubonic plague. 544 Pestis minor occurs 
more commonly at the beginning and end of out¬ 
breaks and has been postulated to be related to 
subinfective doses of Y pestis, probably transmitted 
by flea bites, immunizing the population. Asymp¬ 
tomatic forms of plague exist, since individuals 
without clinical illness have had plague cultured 
from the throat despite either antibiotic treatment 
or vaccination. 555 Whether these "carriers" are con¬ 
tagious is not known. 

Diagnostic Approaches 

Plague can lead to death in a matter of hours to 
days in 60% to 90% of patients if they are un¬ 
treated. 538 Early recognition is key to survival, es¬ 
pecially in patients with pneumonic or septicemic 


881 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


plague. Risk for fatality has been linked to a delay 
in proper diagnosis and treatment. 558 The first step 
in diagnosis must be a high index of suspicion in a 
febrile patient who lives in or has recently visited 
an endemic area. Suspicion should be heightened 
if the patient recalls contact with fleas or direct con¬ 
tact with wild animals or the physical examination 
demonstrates a painful bubo, a cough, or meningeal 
signs (Figure 35-27). Patients are typically febrile with 
a tachycardia and may be hypotensive secondary 
to vasodilation. In addition, physical examination 
may also demonstrate a palpable and tender liver 
and spleen. 556 The leukocyte count is typically but 
not necessarily elevated (even up to 50,000 / mm 3 ). 538 

Plague may present in an atypical manner, lead¬ 
ing to delay in diagnosis and death. Crook and Tem¬ 
pest, 565 in a review of 27 cases seen at an Indian 
hospital in New Mexico from 1965 through 1989 
categorized plague patients into five clinical pre¬ 
sentations: (1) classic bubonic plague, (2) fever, sore 
throat, and headache, (3) nonspecific febrile syn¬ 
drome, (4) fever with urinary or gastrointestinal 
symptoms, and (5) fever with meningeal signs. Six 
out of ten patients in the second and third presen¬ 
tation categories died, mainly because they were 
given antibiotics (penicillin derivatives) that did not 
affect plague. Some of the other patients, although 
not initially considered to have plague, were given 
antibiotics with activity against plague. 

Some of the other diseases that may be consid¬ 
ered in the differential diagnosis of plague include 



Fig. 35-27. Patient with a bubo. Buboes are extremely ten¬ 
der, and usually involve a lymph node chain draining 
the site of the infecting flea bite. Although this picture 
shows a bubo in the armpit, bites are most commonly on 
the lower extremities, hence femoral nodes are the most 
common site for buboes. 

Photograph: Courtesy of the Armed Forces Institute of 
Pathology, negative 219900 (7B). 


tularemia, meningococcemia (because the ecchy- 
moses and purpura seen can occur with plague 
meningitis), hemorrhagic smallpox, and diphtheria 
(because pharyngeal or tonsillar plague can have 
the appearance of a pseudomembrane, and the ap¬ 
pearance of the lymph nodes may be similar to that 
seen in other bacterial infections). If Y pestis is used 
as a biological weapon, the differential diagnosis 
of an epidemic of pneumonic plague in its early 
stages might include tularemia, anthrax infection, 
or staphylococcal enterotoxin B intoxication. 549 

In the field, plague bacilli may be observed in a 
bubo aspirate or a peripheral blood smear. To aspi¬ 
rate a bubo, one can use a 20 gauge needle with a 10 
mL syringe and 1 mL of sterile saline. Saline is first 
injected with the needle directed toward the periph¬ 
ery of the bubo, then without removing the needle 
from the skin the syringe is withdrawn a few times 
until the aspirate becomes blood-tinged. The aspirate 
can then be used for direct visualization on a slide, 
using Way son's or Giemsa stains. The background will 
appear pink with the Wayson's stain, and the plague 
bacilli will be appear light blue with dark polar bod¬ 
ies 1 to 2 mm long. 546 They can appear singly or in 
pairs and can be pleomorphic 538 ; they have been de¬ 
scribed as looking similar to a safety pin. 554 

If more elaborate diagnostic laboratory capabili¬ 
ties exist in the field or in garrison, diagnosis can 
be confirmed by culture of any involved site on 
blood and MacConkey agar plates or an infusion 
broth. Pinpoint colonies may appear on agar after 
24 hours at 35°C. The optimal growth rate occurs at 
28°C. 546 Serum passive hemagglutination or comple¬ 
ment fixation techniques can be used for laboratory 
confirmation if cultures are unsuccessful. 553 Fluo¬ 
rescent antibody tests on bubo aspirates, sputum, 
or cerebrospinal fluid can aid in rapid diagnosis if 
the tests are available. 546 

Recommendations for Therapy and Control 

Therapy 

According to the World Health Organization ex¬ 
pert committee on plague, patients should receive 
at least 10 days of treatment. Streptomycin is gen¬ 
erally considered the drug of choice and is given 
intramuscularly at a dose of 30 mg /kg daily in two 
divided doses. Tetracycline 2 to 4 g daily by mouth 
in four divided doses is an alternative regimen for 
streptomycin-allergic patients for whom an oral 
drug is appropriate. Patients who are hypotensive 
and would have poor intramuscular absorption and 
those with plague meningitis should receive 
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chloramphenicol because it can be given intrave¬ 
nously and has superior penetration of the cere¬ 
brospinal fluid. A loading dose of 25 mg/kg can be 
given intravenously, followed by 60 mg /kg per day 
in four divided doses. As the patient improves, the 
dose may be given orally and decreased to 30mg/kg 
per day to lessen bone marrow suppression. 546,560,566 

Because of plague's high case fatality rate, ap¬ 
propriate treatment must be initiated immediately 
when plague infection is suspected. Efforts to con¬ 
firm the diagnosis by culture must not delay the 
initiation of antibiotic therapy. Patients with pneu¬ 
monic or pharyngeal plague require droplet isola¬ 
tion precautions for at least 48 hours of therapy or 
until their sputum or throat cultures are negative. 
Support staff should use masks, gowns, gloves, and 
eye protection. 62,538 Drainage and secretion precau¬ 
tions should be used for patients with bubonic 
plague until 48 hours after beginning antimicrobial 
treatment; sputum, purulent discharges, and soiled 
articles need to be disinfected. In outbreaks where 
fleas are involved, patients, their clothing, and their 
belongings need to be treated with insecticide to 
kill the fleas. 62 

Control 

Although plague is generally restricted to cer¬ 
tain geographic areas worldwide, it has the poten¬ 
tial to be imported across international boundaries, 
so public health authorities should maintain an 
awareness of the worldwide incidence. 543,546 Plague, 
cholera, and yellow fever are the three internation¬ 
ally quarantinable diseases. 567 Before departing 
from a country with an ongoing pneumonic plague 
epidemic, travelers suspected of significant expo¬ 
sure are required by international regulations to be 
isolated for 6 days. In addition, those arriving in a 
country on a vessel suspected to be plague-infested 
may require disinfecting and surveillance for illness 
for up to 6 days. 62 

Strategies for control, depending on personnel, 
resources, and extent of spread, include antibiotic 
treatment of cases, flea control with insecticides, 
rodent control by poisoning and trapping, proper 
garbage disposal, proper food storage, rat-proofing 
of buildings, antibiotic prophylaxis for potential 
contacts of pneumonic plague, quarantine of human 
cases, ship inspection in ports, vaccine administra¬ 
tion, and education of the population to avoid con¬ 
tacts with rodents, prevent rodent harborage, and 
control fleas on pets. 62,546 In a bubonic plague out¬ 
break, it is imperative to institute flea-control mea¬ 
sures before killing rodents, 62,538 because fleas will 


leave a dead rodent and search for a new host, in¬ 
creasing the risk of human infection. 552 Pneumonic 
plague cases must be isolated, and all household 
and other close contacts should be given antibiotic 
prophylaxis with tetracycline (15 to 30 mg /kg) or 
chloramphenicol (30 mg /kg) daily in four divided 
doses for 1 week after contact. Close contacts of 
confirmed bubonic plague cases should be appro¬ 
priately disinfested with insecticide and put under 
surveillance for signs of infection. 62 

In the absence of an outbreak situation, ongoing 
surveillance needs to be added to the measures listed 
above, especially in endemic areas. The US Army 
Plague Surveillance Program consists of rodent and 
flea population characterization through trapping 
rodents and collecting their fleas, rodent population 
observation, carnivore blood serum collection, and 
continuous collaboration with local and state health 
authorities. These measures should provide baseline 
information for the early recognition of an epizootic 
and the need for an epizootic investigation. 552 

The licensed, whole cell, formalin-killed vaccine 
is no longer manufactured in the United States and 
is therefore no longer available. Individuals in the 
past who would have been considered for vaccina¬ 
tion included laboratory workers, those who fre¬ 
quently handle field or clinical materials that are 
potentially infected, those who work in the wilder¬ 
ness with limited access to medical care (eg. Army 
Special Forces personnel, wildlife and fish work¬ 
ers), and those who work or reside in endemic ar¬ 
eas, including Peace Corps workers, journalists, 
photographers, disaster workers, 554 and certain mili¬ 
tary personnel (eg. Special Forces). The schedule of 
the licensed vaccine was three intramuscular doses: 
1.0 mL initially, then smaller doses of 0.2 mL at 1 to 
3 months after the first dose and 5 to 6 months fol¬ 
lowing the second dose. Then 0.2 mL was given at 
6 and 12 months following the completion of the 
initial series and then every 1 to 2 years, if required. 

No randomized field trials exist to substantiate 
the claim that killed plague vaccines are effective 
in preventing human disease. Indirect evidence of 
its efficacy have been cited instead: the fact that 
there were no cases of plague in World War II among 
vaccinated US troops and only eight cases during 
the Vietnam War, despite considerable exposure in 
both instances. 546 About 7% of vaccinees fail to pro¬ 
duce adequate antibody following the initial series. 
Work is being done to find a more effective plague 
vaccine. Studies using plague subunit vaccines have 
demonstrated protection of mice against pneumonic 
disease. 568,569 Despite prior vaccination, someone 
with a definite exposure should receive prophylac- 


883 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


tic antibiotics as previously described. 561 In epi¬ 
demic situations or when risk of contact with in¬ 
fected rodents or fleas is felt to be high, chemopro¬ 
phylaxis with tetracycline may be indicated. 570 Also, 
individuals should understand the importance of 
personal protective measures, including wearing 
shoes, wearing clothing that covers the legs, using 
insect repellent, and wearing gloves when handling 
potentially infected laboratory specimens and when 
handling ill or dead animals. 556 

With recent concerns about biological terrorism, 
plague is at the top of both military and civilian 
threat lists. 571-575 A recent public health consensus 


panel has published recommendations for public 
health management of plague if used as a bioterrorist 
weapon. 576 Plague will continue to be a concern for 
the US military as long as plague remains a poten¬ 
tial biological warfare agent and military operations 
take place in plague-endemic regions of the world. 
As the outbreak in India has shown, the Black Death 
has periodically gone into hiding, only to resurface 
with a vengeance. 539 Therefore, the US military and 
public health community must remain vigilant in 
their surveillance for this disease to avoid unpleas¬ 
ant surprises in the future. 

[Mark G. Kortepeter] 


FILARIASIS 


Introduction and Military Relevance 

Five species of roundworms cause significant 
human filariasis. Of these, three species cause lym¬ 
phatic filariasis: Wuchereria bancrofti, Brugia malayi, 
and B timori. Onchocerca volvulus causes river blind¬ 
ness, and Loa loa causes dermal afflictions. Three 
other species can be found in humans but cause 
little or no morbidity: Mansonella streptocerca, M 
perstans, and M ozzardi. 

Because of their incubation periods of several 
months, the filarial diseases do not have an imme¬ 
diate tactical impact but may have an operational 
impact. Filarial fevers, adenitis, and retrograde lym¬ 
phangitis can be debilitating, especially in the case 
of brugian filariasis. No effective therapy was avail¬ 
able during World War II, and high rates were seen 
among US servicemen in the Pacific theater. In some 
units, 30% became infected and symptoms included 
pain and erythema of the scrotum (56%), arms 
(38%), and legs (14%). 577 

Bancroftian Filariasis 

Description of the Pathogen 

Adult W bancrofti are creamy white worms mea¬ 
suring 80 to 100 mm long (females) or about 40 mm 
long (males). Bancroftian microfilaria are speciated 
by identifying a sheath but no caudal nuclei. 

Epidemiology 

The larvae of W bancrofti are transmitted by a 
mosquito, typically Culex quinquifaciatus, Anopheles 
gambiae, An funestus, Aedes polynesienses, Ae 
scapularis, or Ae pseudoscutellaris. 62vl97 ~ 201 Humans are 
the sole reservoir of the disease. W bancrofti is the 


most common and widespread of the filarias infect¬ 
ing humans, 577 affecting populations in sub-Saharan 
Africa, Asia, the Pacific, the Caribbean region, the 
eastern coastal plains of South America, and por¬ 
tions of Central America. 578 The World Health Or¬ 
ganization estimated in 1994 that 751 million people 
live in areas endemic for lymphatic filariasis. Of 
those, 72.8 million were infected with Wbancrofti. 579 

The incidence of filariasis in immunologically 
naive arrivals to an endemic area can be quite high. 
In Indonesia, farmers who moved from nonendemic 
to endemic areas had microfilarial rates of 6% to 
35%. 580 As mentioned above, W bancrofti infected 
servicemen in the Pacific theater during World War 
II. The major difference between these two natural 
experiments is that the Indonesian farmers stayed 
in the infected areas and many of them subse¬ 
quently developed elephantiasis, as opposed to the 
World War II soldiers who were evacuated from the 
region with resolution of their symptoms. Thus, it 
appears that continued reexposure to the organism 
leads to the more permanent effects of chronic fi¬ 
lariasis. 

Pathogenesis and Clinical Findings 

When an infected mosquito takes a blood meal, 
the larvae migrate from its mouthparts onto the 
person's skin. From there the larvae enter the body 
through the puncture site, and they typically take 
up residence in the lymphatic vessels. The females 
produce microfilariae, which reach the bloodstream 
6 to 12 months after infection. The pathogenesis is 
more commonly due to inflammation and blockage 
of the lymphatic channels by adult worms, which 
manifest themselves 3 to 12 months after infection, 
than to the presence of microfilariae. 581 

The spectrum of disease ranges from infection 
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without symptoms to the chronic effects of blocked 
lymphatic vessels. Most filarial infections do not 
cause symptoms, 581 but the asymptomatically infected 
still serve as a reservoir. The incubation period var¬ 
ies from 6 to 12 months, but allergic reactions can 
occur 1 month after infection. 

Indigenous and nonindigenous peoples display 
different clinical features. In populations raised in 
filarial regions, the disease spectrum ranges from 
asymptomatic with no detectable microfilaremia to 
such signs of chronic infection as hydrocele, 
chylurea, or elephantiasis of limbs, genitalia, or 
breasts. In those with "expatriate syndrome" (when 
military personnel or other migrants to endemic 
areas have acquired these infections), the symptoms 
typically consist of genital pain (from inflammation 
of the associated lymphatics), lymphangitis, and 
lymphandenitis, as well as hives, rashes, eosino- 
philia, and other allergic manifestations. 

Tropical pulmonary eosinophilia is an amicro- 
filaremic lung condition associated with the lym¬ 
phatic filariases. It is characterized by a primarily 
nocturnal paroxysmal cough and wheeze with 
scanty sputum production, occasional weight loss, 
adenopathy, low-grade fever, and extreme eosino¬ 
philia (greater than 3,000 / mm 3 ). If not treated with 
diethylcarbamazine citrate (DEC), tropical pulmo¬ 
nary eosinophilia can progress to a debilitating, 
chronic, interstitial lung disease. 582 

Diagnostic Approaches 

The gold standard for diagnosing bancroftian fi- 
lariasis (but not brugian filariasis) is detecting cir¬ 
culating filarial antigen (CFA) in the bloodstream. 583 
One CFA assay is a semi qualitative ELISA test that 
requires technical skill and expensive equipment. 
A simpler CFA assay is the "card test," which yields 


positive or negative results. The card test has re¬ 
placed the more cumbersome method of directly 
demonstrating the parasite by the examination of 
nocturnally collected blood samples. Acolormetric 
indicator displays a pink line when the test is posi¬ 
tive. The test is inexpensive (less than US $1 per 
card), useable by nonclinicians, and gives immedi¬ 
ate results. Its versatility allows the card test to be 
a diagnostic tool in both the clinical and field setting. 

Recommendations for Therapy and Control 

Treatment can be either tailored to an individual 
patient or designed to eliminate filariasis from a 
community. For individuals, treatment is with DEC, 
which kills microfilariae and is toxic to adult worms 
when given at the doses listed in Exhibit 35-2. If no 
microfilariae can be found in the blood or skin, then 
full doses (6 mg /kg per day in 3 doses) can be given 
beginning on day 1. Variations of treatment include 
a Brazilian treatment protocol that showed efficacy 
with DEC at 6 mg /kg per day in single, daily doses 
for 12 days. 584 Additionally, ivermectin, 20 to 200 
mg /kg in a single dose, may be effective in clear¬ 
ing microfilariae but does not affect adult worms. 585 

The side effects of DEC are common and can be 
profound. An inflammatory response marked by 
fever, nausea, vomiting, arthralgia, chills, and head¬ 
ache is caused by the DEC-induced disintegration 
of microfilaria. These side effects are reduced by 
slowly introducing DEC to patients as described in 
the above dosing schedule. As with many inflamma¬ 
tory and allergic responses, these side effects can be 
ameliorated by corticosteroids and antihistamines. 585 

Mass treatment by medicated salt or single an¬ 
nual doses combined with vector control are effec¬ 
tive ways to control or even eradicate filariasis in a 
population. DEC-medicated salt can eliminate lym- 


EXHIBIT 35-2 

DOSAGES OF DEC FOR TREATING BANCROFTIAN FILARIASIS 


Adult 

Child 

Day 1 

50 mg, taken orally after a meal 

1 mg /kg, taken orally after a meal 

Day 2 

50 mg, three times a day 

1 mg /kg, three times a day 

Day 3 

100 mg, three times a day 

1-2 mg /kg, three times a day 

Days 4-21 

6 mg /kg per day in three doses 

6 mg /kg per day in three doses 

Source: Drugs for parasitic infection. Med Lett Drugs Ther. 1993;35(911):111- 

-122. 
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phatic filariasis from a population. Regular table 
salt fortified with 0.3% DEC has been shown to 
greatly reduce, and even to eliminate in some ar¬ 
eas, the incidence of bancroftian filariasis and, to a 
lesser extent, B malayi filariasis. 586 At such a low 
dose, DEC has no notable side effects. 

Another way to treat populations is annual, 
single-dose treatment. Annual, single doses of 
ivermectin (400 mg/ kg) with DEC (6 mg /kg) have 
also been shown to reduce prevalence by 32% and 
microfilarial levels by 96% 12 months after treat¬ 
ment. 587 Annual, single-dose treatment with DEC 
alone or ivermectin alone has also been shown to 
be effective. 

Vector control will lower the incidence of filariasis. 
Vectors can be controlled by pesticides, polystyrene 
beads dropped in latrines, larvicides, and larvae- 
eating creatures introduced into mosquito-breeding 
sites. Ultra-low-volume malathion spraying is ef¬ 
fective against adult forms of the mosquito. 580 A 
major vector of W bancrofti in urban areas is C 
quinquifaciatus. This domestic mosquito's larvae 
develop in organically rich waters such as are found 
in pit latrines. Tossing a 4- to 6-cm layer of polysty¬ 
rene beads into pit latrines is effective in reducing 
the incidence of bancroftian filariasis. 588 The poly¬ 
styrene beads form a floating layer, which carpets 
the surface of the water. This inhibits the emergence 
of new mosquitoes, prevents the larvae from breath¬ 
ing, and inhibits ovipositing (Figure 35-28). 



Fig. 35-28. Polystyrene beads being deposited into a pit 
latrine to reduce the incidence of bancroftian filariasis 
by interfering with the life cycle of the vector mosqui¬ 
toes. The floating blanket of beads prevents ovipositing 
and also serves to asphyxiate larvae and prevent emer¬ 
gence of new mosquitoes. 

Photograph: Courtesy of Dr. C. F. Curtis. 


Larvicides are also useful in controlling the vec¬ 
tor. Attacking the vector larvae is an important way 
to prevent filariasis. In recent years, antilarval prod¬ 
ucts have become more environmental friendly and 
specifically designed to destroy mosquito larvae. 
For larvae control, the pest control industry has dis¬ 
continued the use of organophosphates sprayed on 
breeding sites. The leading antilarvae substances 
are either selective bacillary toxins or insect growth 
regulators. 

A popular larvicide is derived from Bacillus 
thurengiensis var. israelensis (typically denoted as 
"Bt" or "Bti"). Pest control personnel disperse Bt 
products in a variety of ways, to include tossing Bt 
time-release briquettes into stagnant pools or spray¬ 
ing Bt pellets or a liquid Bt solution by hand or air. 
A more persistent toxin is derived from Bacillus 
sphaericus. It is well suited for wetland areas and 
waters with high organic content, such as waste 
water and dairy lagoons. B sphaericus toxin has also 
been successfully used to kill C quinquifaciatus lar¬ 
vae in pit latrines for up to 10 weeks when applied 
at 10 mg per liter of sewage. 589 

Methoprene is a stable but nonpersistent com¬ 
pound that inhibits the growth of mosquito larvae. 
Insect growth regulators prevent insects from ma¬ 
turing to the adult stage. This compound is found 
in slow release briquettes, pellets, and liquids that 
are effective from 7 to more than 150 days, depend¬ 
ing on the specific way the compound is formulated. 590 

Biocontrol is an environmentally friendlier way 
to control larvae. Introducing larvae-eating crea¬ 
tures, such certain species of ducks and fish, into 
mosquito-breeding areas can reduce mosquito larvae. 

Individuals should use personal protection mea¬ 
sures to prevent transmission from the mosquito 
(see chapter 22, Personal Protection Measures Against 
Arthropods). The includes wearing permethrin im¬ 
pregnated outerwear, applying 33% DEET insect 
repellent to exposed skin, and wearing long-sleeved 
shirts and long pants. Additionally, sleeping under 
permethrin-impregnated bed nets should help pre¬ 
vent transmission. 

Malayan and Timorian Filariasis 

Description of the Pathogen 

B timori adult females are approximately 30 mm 
long; males are 17 mm long. The microfilariae have 
several distinguishing features: they are longer and 
have a cephalic space with proportions length to 
width of about 3:1. In addition, the sheath does not 
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stain pink with Giemsa stain as do those of B malayi 
and W bancrofti. 

Adult female B malayi worms are similar to W 
bancrofti worms except that they are only 43 to 55 
mm long. Male worms are 14 to 23 mm long. The 
microfilariae of B malayi are distinguished from 
those of W bancrofti by their two isolated nuclei at 
the tip of the tail and their absence of nuclei in the 
cephalic spaces. 

Epidemiology 

Like bancroftian filariasis, these are also lym¬ 
phatic filariases transmitted by mosquito bites. 
B malayi is transmitted by species of Mansonia, 
Anopheles, and Aede s; B timori is transmitted by 
An barbirostris. But as is indicated by their names, 
their geographic range is much more limited. B 
timori is reported from the Lesser Sunda Islands of 
Indonesia. They both occur in and around Indone¬ 
sia, although B malayi is also found in Malaysia, the 
Philippines, Sri Lanka, India, Korea, China, Thailand, 
and Vietnam. B malayi is unique in that animals may 
also serve as reservoirs for some subperiodic strains, 
but humans are the primary reservoir. 578 The World 
Health Organization estimated in 1994 that 5.8 mil¬ 
lion people were infected with Brngia malayi or 
Brngia timori. 579 

Diagnostic Approaches and Recommendations for 
Therapy and Control 

Definitive diagnosis occurs by identifying mi¬ 
crofilariae in the blood or adult worms in tissue 
samples. In most cases, the best time to obtain a 
blood sample is between 2200 and 0200 hours, when 
microfilaria reach their maximum concentration in 
the peripheral blood. This nocturnal emergence 
coincides with the nighttime feeding patterns of the 
vectors from the Cnlex, Anopheles, and Aedes species. 
The microfilariae are virtually undetectable in periph¬ 
eral blood during the day. A notable exception to 
this nocturnal periodicity occurs in the South Pacific 
and foci in Southeast Asia, where microfilariae pos¬ 
sess a diurnal periodicity and are more concentrated 
in the peripheral blood during the day. Not surpris¬ 
ingly, this variant is transmitted by a day-biting 
mosquito of the Aedes species. Concentration tech¬ 
niques assist in isolating microfilariae. After cen¬ 
trifuging 2 mL of blood mixed with 10 mL of 2% 
formalin, a millipore filter (2 to 5 mm pore size) in 
a Swinney adapter is used to isolate the microfi¬ 
lariae. 62 Giemsa staining of thick and thin smears 


allows speciation. A urinalysis may indicate renal ab¬ 
normalities. More than 50% of microfilaremic patients 
have microscopic hematuria, proteinuria, or both. 591 
The detection of a B ma/m//'-specific repetitive DNA 
sequence by polymerase chain reaction holds prom¬ 
ise as an easier way to diagnose malayan filariasis. 592 

Onchocerciasis 

Description of the Pathogen 

Adult female Onocerca volvulus worms are 23 to 
70 cm long, whereas the males are 3 to 6 cm long. 
The microfilariae are unsheathed, possess a sharply 
pointed tail, and do not have terminal nuclei. 

Epidemiology 

Onchocerciasis (river blindness) is a chronic, non- 
fatal disease transmitted by the bite of the female 
black fly Simulium damnosum, which breeds in fast- 
moving streams and rivers. Humans are the sole 
reservoir for this disease. Most (95%) of the 17.5 
million individuals infected with O volvulus live in 
Africa in a zone between 15° North and 15° South 
latitude, with one third of global cases living in 
Nigeria (Figure 35-29). There are small foci in the 
Western hemisphere, predominantly in Guatemala 
and Mexico. Smaller foci have been found in Co¬ 
lombia, Venezuela, Brazil, and Ecuador. Cases have 
also been verified in the southwest tip of the Ara¬ 
bian peninsula in Yemen and Saudi Arabia. 593 

Pathogenesis and Clinical Findings 

Like other filarial diseases, onchocerciasis is 
caused by the direct physical insult of worms in 
tissues combined with the resultant inflammatory 
response. The female black fly injects S damnosum 
larvae into the skin, from where they spread to su¬ 
perficial and deep tissues. In those tissues they 
mature into adult worms, bundled together in char¬ 
acteristic nests. Within 7 to 34 months of the origi¬ 
nal infection, the females release microfilariae, 
which commence a grand tour of their human host. 
The microfilariae migrate to the skin, causing a pru¬ 
ritic rash. Another destination is the ocular tissues, 
where microfilariae cause blindness in up to 4% of 
those infected. 594 The disease is characterized by fi¬ 
brous nodules in subcutaneous tissues, particularly 
in the head and shoulders (Western hemisphere) or 
pelvic girdle and lower extremities (Africa). 62 Li- 
chenification and depigmentation can also occur. 
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Fig. 35-29. This statue, depicting a blind victim of on¬ 
chocerciasis being led by a young boy, was dedicated at 
the World Health Organization headquarters in Geneva, 
Switzerland, on October 6, 1999. The statue commemo¬ 
rates the 25th anniversary of the World Health 
Organization's Onchocerciasis Control Programme and 
its success in combating river blindness in western Africa. 
Photograph: Courtesy of Colonel Patrick W. Kelley, Medi¬ 
cal Corps, US Army. 

Diagnostic Approaches 

Examination of shave biopsies from the hip or 
scapula will frequently reveal microfilariae. The 
specimen must soak overnight in normal saline and 
then be observed unstained under a microscope for 
microfilarieae. Slit lamp examination of the ante¬ 
rior chamber of the eye may reveal motile microfi¬ 
lariae or corneal lesions. Examining the blood may 
reveal eosinophilia but rarely microfilariae. 

Recommendations for Therapy and Control 

Ivermectin, which is well tolerated, will kill the 
microfilariae but not the adult forms. The dose is 150 
mg/kg given once each year for 5 to 10 years. Occa¬ 
sionally, the treated patient will experience a Mazotti- 
type reaction, which includes fever, tender lymph 


nodes, headache, pruritis, and joint and bone pain. 581 

Vectors are controlled by applying larvicides to 
black-fly breeding areas. Spraying temefos (Abate) 
0.05 mg/L for 10 minutes in the wet season and 0.10 
mg/L for 10 minutes in the dry season can be effec¬ 
tive. The toxin derived from Bacillus therengensis, 
Bt H-14, can also be effective at two and a half times 
the dose for temefos. Bt H-14 needs to be introduced 
at more points along the river, though, because it 
has less spreading ability. 6Zp363_367 

DEET effectively protects humans from black fly 
bites. The extended formulation of DEET repelled 
black flies ( Prosimulium mixtum and Pfuscum) bites 
for up to 9 hours on people in a sedentary setting. 595 
DEET is also effective against Simulium damnosum. 
By wearing trousers and hooded jackets impreg¬ 
nated with DEET, subjects experienced 90% fewer 
bites over a 5-day period as compared to subjects 
wearing only shorts and short-sleeved shirts. 596 In 
another experiment, a 10% concentration of DEET 
protected the subjects for 299 minutes against S 
damnosum. 597 Bites can also be avoided by bivouack¬ 
ing away from Simulium species breeding sites. 

Loaisis 

Description of the Pathogen 

Adult Loa loa worms are semitransparent and 
threadlike, growing to 50 to 70 mm in length (fe¬ 
males) or 30 to 34 mm (males). The microfilariae 
are sheathed. The caudal nuclei are not isolated but 
are a continuation of the main body nuclei. The 
cephalic space is much shorter than that of B malayi. 

Epidemiology 

The Loa loa larvae are transmitted to the human 
host by the bite of the deer fly of the Chrysops spe¬ 
cies. Loiasis occurs in central African rain forests 
in Nigeria, Cameroon, Chad, the Central African Re¬ 
public, the Democratic Republic of the Congo (for¬ 
merly Zaire), Uganda, Angola, and Zambia. Hu¬ 
mans are the only reservoir. The prevalence of Loa 
loa microfilaraemia typically ranges from 25% to 
33% in endemic areas. Incidence in immunologi- 
cally naive individuals seems low, indicated by the 
fact that only 1.9% of children under 5 years of age 
in one study had microfilaremia. 598 

Pathogenesis and Clinical Findings 

The pathology caused by infection with L loa is 
primarily dermal, with less common changes in the 
heart, kidneys, and brain. The pathogenesis has not 
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been thoroughly elucidated, but it is probably due 
to an inflammatory response to the worm. 

Like the lymphatic filarial diseases, loiasis has dif¬ 
ferent clinical presentations depending on whether or 
not the host is native to the area. In natives, infection 
with adult L loa worms causes the characteristic, tran¬ 
sient area of erythema and angioedema (Calabar 
swellings) 5- to 10-cm in diameter, chiefly on the wrists 
and ankles. Occasionally, a wandering adult worm 
will move subconjunctivally across the eye. Norma¬ 
tive visitors manifest prominent signs and symptoms 
of inflammatory or allergic reactions to the parasites. 
Frequent Calabar swellings, hives, rashes, and occa¬ 
sionally asthma are the main symptoms. 

Diagnostic Approaches 

Diagnosis is made by identifying microfilariae 
in the peripheral blood during the day; the highest 
density occurs around noon. 598 Nonnative patients 
often have a greatly elevated eosinophil count (30% 
to 60% of the total white blood cell count). Elevated 
filarial antibody titers can also aid in the diagnosis. 

Recommendations for Therapy and Control 

DEC is the drug of choice and is recommended 
at the doses listed in Exhibit 35-3. Treatment of 
heavy infections of L loa is sometimes associated 
with encephalopathy. The risk is reduced by start¬ 
ing with a smaller dose and gradually increasing the 
dose as indicated above. During treatment, hyper¬ 
sensitivity reactions to the dead and dying parasites 
are common but can be attenuated with steroids and 
antihistamines. 62pl97 “ 201 

Loiasis can be prevented with a weekly dose of 300 
mg of DEC. 62,582 Additionally, personal protection 
measures and destruction of Chrysops breeding areas 
will reduce the risk of transmission from deer flies. 


Streptocerciasis 

Streptocerciasis is caused by infection with the 
filaria Mansonella streptocerca. The adult female is 
27 mm long and the male is 17 mm long. They are 
transmitted by the biting midge, Culicoides grahami. 
The disease's distribution is limited to Central and 
West Africa. 

In the same way as other filarial diseases, the 
organism can induce an intense IgE-mediated al¬ 
lergic reaction. Most of the time, however, there are 
not symptoms. When present, symptoms are pri¬ 
marily of a dermal nature and include pruritis (the 
most common), papules, and lichenification. 591 

Streptocerciasis is definitively diagnosed by 
demonstrating microfilariae in wet mounts pre¬ 
pared from skin snips from the scapula. 599 Adult 
worms can be identified in tissue sections. Eosino- 
philia may be present. Microfilariae have not been 
observed in the blood. 

DEC kills both the adult worm and microfilariae. 
The dose for adults is 2 to 4 mg/kg per day for 21 
days. 582 The death of the pathogen causes side ef¬ 
fects similar to those seen in other filarial diseases. 
Most patients experience intense pruritis and pap¬ 
ules during treatment. 593 

Others 

Mansonella ozzardi causes a typically symptomless 
filarial infection found only in the New World (eg, 
southern Mexico, Panama, Brazil, Colombia, Argen¬ 
tina, many Caribbean islands). It is diagnosed by iden¬ 
tifying microfilariae in blood or skin snips. DEC is 
ineffective but a single dose of ivermectin (140 pg / 
kg) reportedly eliminated microfilariae in a patient. 593 

Mansonella perstans infections are a largely non- 
pathogenic condition and are found in Africa, the 
Caribbean region, and Central and South America. 


EXHIBIT 35-3 

DOSAGES OF DEC FOR TREATING LOIASIS 


Adult 

Child 

Day 1 

50 mg, orally after a meal 

1 mg /kg after meal 

Day 2 

50 mg, three times a day 

1 mg /kg three times a day 

Day 3 

100 mg, three times a day 

1-2 mg/kg three times a day 

Days 4-21 

9 mg /kg per day in three doses 

9 mg /kg per day in three doses 

Source: Drugs for parasitic infection. Med Lett Drugs Ther. 1993;35(911):111-122. 
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Infection is diagnosed by finding microfilariae in 
the blood. Unlike other filarial infections, DEC has 
little effect on M perstans infections. 593 The current 
treatment regimen of 5 to 6 mg /kg per day often 


must be repeated 8 to 10 times to achieve a cure. 582 
However, mebendazole is effective in a dose of 100 
mg 2 to 3 times a day for 28 to 45 days. 600 

[William P. Corr] 


THE LEISHMANIASES 


Introduction and Military Relevance 

The leishmaniases are a heterogeneous group of 
disease syndromes caused by infection with proto¬ 
zoan parasites of the genus Leishmania. Worldwide 
these parasitic infections are responsible for signifi¬ 
cant morbidity and mortality in civilian populations 
and are a persistent problem for military forces de¬ 
ployed to endemic areas. Although historically the 
leishmaniases have never had the major impact on 
campaigns that malaria has had, they do challenge 
military physicians with clinical difficulties, includ¬ 
ing recognition of the different disease syndromes, 
limitations of diagnostic and treatment options, and 
activation of latent infection after immunocompro¬ 
mise. The leishmaniases also present challenges for 
prevention because of the behavior of sand flies; the 
presence of animal reservoirs; the lack of effective 
chemoprophylaxis, immunoprophylaxis, or preven¬ 
tive vaccines; and the continual struggle to enforce 
personal protective measures in military personnel. 
The risk of leishmaniasis to US service members is 
directly related to the geographic and seasonal de¬ 
ployment of the force. A potential for hundreds to 
thousands of cases exists given the right epidemio¬ 
logic circumstances. 

There are three primary clinical syndromes: vis¬ 
ceral leishmaniasis (VL), also known as kala-azar; 
localized cutaneous leishmaniasis (CL), which is 
usually ulcerative; and mucosal leishmaniasis (ML), 
also known as espundia. Less commonly seen are 
other cutaneous syndromes, such as leishmaniasis 
recidivans (LR), diffuse cutaneous leishmaniasis 
(DCL), and post-kala-azar dermal leishmaniasis. A 
variety of nonspecific systemic syndromes—including 
acute febrile illness, lymphadenopathy (localized, 
regional, and generalized), and chronic syndromes 
characterized by malaise, nonspecific gastrointes¬ 
tinal problems, and asthenia—have also been rec¬ 
ognized. 

It is doubtful if our knowledge of any other tropi¬ 
cal parasitic disease owes as much to the activities 
of military men. A young medical officer in the In¬ 
dian Army Medical Service, DD Cunningham, 
wrote the first accurate description of an amastigote 
from a case of "Delhi Boil" in 1885, although he did 
not appreciate the protozoan nature of the para¬ 


site. 601 A Russian military surgeon, PF Borovsky, 
provided an accurate description of the parasite in 
a typical ulcerative lesion (Sart sore) while work¬ 
ing in Tashkent in 1898. 602 His work, published in 
Russian in an obscure military medical journal, 
went unnoticed until translated into English in 
1938. 603 William Boog Leishman, a major in the Brit¬ 
ish Royal Army Medical Corps, was the first to de¬ 
scribe amastigotes in the splenic pulp of a young 
soldier who died after a prolonged febrile illness in 
London after returning from the station of Dum- 
Dum near Calcutta, India. 604 Cases of "Dum-Dum 
fever" had puzzled military physicians for years 
and were responsible for the morbidity and mor¬ 
tality of hundreds of British soldiers in India. A few 
months later. Captain Charles Donovan described 
the same parasites in a splenic smear from a young 
girl with prolonged fever in Madras, India. 605 Col. 

H. E. Shortt of the Indian Army Medical Service and 
his colleagues proved the transmission of Leishma¬ 
nia donovani parasites from sand flies to humans in 
1942. 606 

World War II 

During World War II, approximately 1,000 to 

I, 500 cases of CL were reported in US forces. 607 
Cases were seen in Latin America and North Af¬ 
rica, but the majority of cases occurred in the Per¬ 
sian Gulf Command, mainly in the vicinity of 
Ahvaz, Iran, where an epidemic of 630 cases was 
reported during one 3-month period in late 1943. 
Diagnosis and treatment were performed in dispen¬ 
saries. No military personnel were returned to the 
United States, failed to perform their usual military 
duty, or were given a medical discharge because of 
their infection, but treating these cases still strained 
medical resources. Over 60% of the local mamma¬ 
lian reservoir hosts, desert gerbils, were found to 
be infected. Intensive rodent destruction with chlo- 
ropicrin reduced the incidence of leishmaniasis in 
the natives in the area from 70% to 0.4%. Cases in 
American troops declined dramatically as well. 

VL occurred in 50 to 75 military personnel, 
mostly from India, China, and the Mediterranean 
region. 607 Although not a serious operational prob¬ 
lem, individual cases posed significant diagnostic 
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difficulties for physicians. Inexperience of medical 
corps officers with the disease led to long delays in 
diagnosis and inappropriate treatments. Although 
only one death was due to VL, the morbidity was 
considerable; most of the men lost over 1 year of 
active duty time and had prolonged hospitaliza¬ 
tions. In a well-studied cohort of 30 individuals, 15 
cases originated in India and 15 in the Mediterra¬ 
nean. 608 The shortest incubation period was 3 weeks 
and the longest was 19 months. The average inter¬ 
val from onset of acute symptoms to definitive di¬ 
agnosis and specific treatment was 10 weeks (range: 
2 to 23 weeks), reflecting the unfamiliarity of phy¬ 
sicians with the disease. The abrupt onset of fever 
and chills was seen in 29 of 30 (96%) cases, leading 
to an initial diagnosis of malaria. Splenomegaly was 
found in 27 of 30 (90%) patients on first examina¬ 
tion and developed later in the other three. In other 
servicemen stationed in the Mediterranean region, 
localized lymphadenopathy was described. 609 

The British experience in East Africa during 
World War II with VL was more sobering. An out¬ 
break occurred in 30 native troops of the King's 
African Rifles. The troops were from a nonendemic 
area of Kenya and were training in an endemic area 
of northern Kenya in 1941. 610 Fourteen soldiers 
died—specific treatment was not available—and the 
rest suffered prolonged illness and hospitalization. 
Similarly, an outbreak of VL was described in 23 
native troops raised in a nonendemic area of the 
Sudan when they trained and fought in endemic 
areas of Ethiopia. 611 Initially, medical officers sus¬ 
pected malaria, but later the diagnosis of VL was 
confirmed. It was thought that the stress of battle 
activated latent VL in these troops. 

Leishmaniasis was not a problem in the Korean 
War or the Vietnam conflict, as the parasite is not 
endemic to the Korean peninsula or Southeast Asia. 

The Middle East 

Both CL and VL were reported in British Marines 
serving in Aden from 1963 to 1965, 612 ' 613 and sys¬ 
temic syndromes with lymphadenopathy have been 
described in soldiers from Cyprus and Malta. 614 An 
epidemic of CL occurred in 95 Israeli soldiers while 
they trained in the Jordan valley for 30 days during 
the summer of 1967. The incidence of CL was 50%, 
with an average of 7.4 lesions per soldier. 615 Another 
outbreak of CL in 60 (20%) of 296 Israeli soldiers 
occurred during 6 months in the Negev desert. 616 
Well over 100 cases of CL have occurred in soldiers 
of 211 nationalities of the Multinational Force and 
Observers in the east Sinai since its operations be¬ 


gan in April 1982. 617-620 But the largest recent expe¬ 
rience with Leishmania and military forces took place 
during the Iraq-Iran border war (1980-1988). Thou¬ 
sands of cases of zoonotic CL due to L major oc¬ 
curred in both armies. CL was such an enormous 
medical and morale problem in the Iranian Army 
that 1.2 million soldiers and 240,000 civilians were 
vaccinated with a live, virulent L major parasite in 
a process called "leishmanization." 621 The Israeli 
Defense Force also used leishmanization. Unfortu¬ 
nately, leishmanization results in a 5% incidence of 
active lesions that require drug treatment. 

Epidemics of CL have been described in non- 
immune soldiers when they are deployed for train¬ 
ing or newly based in endemic areas. Deployments 
to Southwest Asia in 1990 and 1991 during the Per¬ 
sian Gulf War have led to 32 parasitologically con¬ 
firmed cases of leishmaniasis: 20 cases of CL and 
12 cases of atypical "viscerotropic" (VtL) infection. 
The CL cases were typical in their presentation and 
response to therapy and were caused by L major in 
those cases where the parasite was characterized. 
None of the Persian Gulf War patients with VtL had 
the usual findings of VL but rather had a milder, 
nonspecific constitutional illness with a wide vari¬ 
ety of symptoms. 622,623 The limited number of rec¬ 
ognized cases in US service members in Southwest 
Asia during this time was largely due to the fact 
that most military personnel were deployed dur¬ 
ing the winter months (November 1990 to Febru¬ 
ary 1991) when sand fly populations were at their 
lowest and had returned to the United States by 
April 1991 before the peak sand fly season (May 
through September). If the deployment had oc¬ 
curred during the peak months, the number of cases 
would likely have been much higher. 

South America and Panama 

In 1978 the British Army established a permanent 
garrison in Belize of about 1,500 troops who served 
a 1-year tour of duty. Between 1978 and 1990, there 
were 306 cases of clinical CL (1.5% of the total per¬ 
sonnel deployed), 187 of which were parasitologi¬ 
cally confirmed. 624 L braziliensis was isolated in 72% 
and L mexicana was isolated in 28% of the 107 
samples that were characterized. Most patients pre¬ 
sented in Belize during their tour of duty or within 
4 months of their return to the United Kingdom. 
One patient presented 11 months after his return. 
No cases of ML have been reported. 

The Jungle Operations Training Center (JOTC) on 
the Fort Sherman military reservation in Panama 
has been the source of the majority of cases of CL 
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for years. 625-630 The cases are sporadic, with a 1% to 
2% attack rate in affected units, although outbreaks 
with much higher site-specific attack rates are well 
documented. 631 The JOTC is located within Fort 
Sherman on the Atlantic side of the Canal Zone, 
although at least two outbreaks at sites on the Pa¬ 
cific side have been documented as well. 

A series of 60 cases of CL in US service members 
was reported in 1988. 632 They were infected in 
Panama, Brazil, and Colombia. Among 35 soldiers 
with a 3-week exposure in Panama at the JOTC, the 
mean maximum incubation period was 33 days 
(range: 4 to 81 days). Diagnosis was delayed an 
average of 93 days after onset of skin lesions be¬ 
cause of delay by patients in seeking medical at¬ 
tention (mean: 31 days, range: 0 to 365 days), by 
medical personnel in considering the diagnosis 
(mean: 45 days, range: 0 to 425 days), and by labo¬ 
ratories in confirming the diagnosis (mean: 17 days, 
range: 2 to 120 days). Forty-four patients (73%) de¬ 
veloped typical ulcerative lesions of CL, while 16 
(27%) developed atypical macular, papular, squa¬ 
mous, or verrucous lesions that were confirmed 
only by culture. 

CL also poses a significant problem in the armed 
forces of several Central and South American coun¬ 
tries. In some cases this has led to significant mo¬ 
rale problems as soldiers are unwilling to be de¬ 
ployed to areas where they know exposure risks are 
high. Outbreaks of CL with attack rates of over 50% 
highlight the potential of leishmaniasis to affect 
very large numbers of personnel following a short 


exposure period. 

Ninty-six parasitologically confirmed patients 
treated at the Walter Reed Army Medical Center, 
Washington, DC, between 1989 and 1996 have in¬ 
cluded 83 with CL, 3 with VL, and 10 with VtL. 633 
The majority of CL patients acquired their infections 
in Panama at the JOTC, in French Guinea during 
jungle training, or in Saudi Arabia during the Per¬ 
sian Gulf War. There have also been three cases of 
VL in young dependent children infected in 
Sigonella, Sicily, and one adult case infected near 
Madrid, Spain. Cases of leishmaniasis in the US 
military from 1954 to 1998 are presented in Figure 
35-30. There have been 735 reported cases, for a 
mean of 16 cases per year. 

Epidemiology 

Transmission 

The vast majority of leishmaniasis transmission 
occurs through the bite of infected female sand flies; 
however, other modes of transmission have been 
described, including intravenous drug abuse and 
blood transfusions, as well as congenital, sexual, 
and laboratory acquired transmission. 634 The primary 
Leishmania species that cause disease in humans and 
their associated clinical syndromes, animal reser¬ 
voirs, and geographic distribution are presented in 
Table 35-11. More detailed information can be found 
elsewhere. 634-639 

Transmission of the leishmaniases often occurs 



Cases Treated Per 2-Year Period 

Fig. 35-30. Leishmaniasis in US Military Personnel 1954-1998 
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TABLE 35-11 

PRIMARY LEISHMANIA SPECIES THAT CAUSE DISEASE IN HUMANS, WITH ASSOCIATED 
ANIMAL RESERVOIRS AND GEOGRAPHIC DISTRIBUTION 


Subspecies 

of 

Leishmania 

Primary 

Clinical 

Syndrome 

Other 

Clinical 

Syndromes 

Animal 

Reservoir 

Geographic Distribution 

Old World 

L donovani 

VL 

CL, PKDL 

Humans? 

Epidemic in the Sudan and in the Gangetic plain of India, 
Nepal, and Bangladesh. Endemic in Iraq, Kenya, and 
parts of China; sporadic throughout sub-Saharan Africa 

L infantum 

VL 

CL 

Dog 

(and other 
canines) 

Endemic in both the European and African Mediterranean 
littoral; sporadic in parts of China, SW Asia, and sub- 
Saharan Africa 

L major 

CL 

ML 

(uncommon) 

Burrowing 

rodents 

Endemic in the Mediterranean littoral of North Africa, the 
Sahel region of Africa, and most areas of SW and Central 
Asia 

L tropica 

CL 

VL (India), 

VtL, LR 

Humans? 

Focally endemic in North Africa, SW Asia, Central Asia, 
India, East Africa, Namibia, Turkey, and Greece 

L aethiopica 

CL 

DCL 

Hydrax 

Ethiopia and Kenya 

New World 

L chagasi 

VL 

CL 

Dog 

Epidemic in northeast Brazil; focally endemic throughout 
Central and South America 

L mexicana 

CL 

DCL 

Forest 

rodents 

Focally endemic in Texas (USA), Mexico, Dominican 
Republic, and Central and South America 

L amazonensis 

CL 

ML, DCL, VL 

Forest 

rodents, 

agouti, 

opossum 

Amazon basin 

L braziliensis 

CL 

ML 

Forest 

rodents? 

Focally epidemic and endemic from Mexico to northern 
Argentina 

L guyanensis 

CL 

ML 

(uncommon) 

Sloth 

South America, especially north of the Amazon River 

L panamensis 

CL 

ML 

(uncommon) 

Sloth 

Central America, Colombia, Ecuador, Peru, and Venezuela 

L peruviana 

CL 

ML 

(uncommon) 

Rodents, 

dogs(?) 

Peru 


CL = cutaneous leishmaniasis, ML = mucosal leishmaniasis ("espundia"), VL = visceral leishmaniasis ("kala-azar"), VtL = viscero- 
tropic leishmaniasis, LR = leishmaniasis recidivans, DCL = diffuse cutaneous leishmaniasis, PKDL = post-kala-azar dermal leish¬ 
maniasis 


in a very uneven, focal distribution within areas of 
broad endemicity. This is caused by the behavior 
and ecology of the anthropophagous species of sand 
flies (Phlebotomus in the Old World and Lutzomyia 
in the New World) and to a lesser extent the den¬ 
sity and distribution of the mammalian reservoir 


animals. 640 Infection risk can vary markedly over 
just a few hundred meters. 

In Panama, sand fly densities are bimodal in dis¬ 
tribution, with the highest density at the beginning 
(May through July) and end (November and De¬ 
cember) of the rainy season. 641 Most human infec- 
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tions tend to occur toward the end of the rainy sea¬ 
son. L panamensis causes over 90% of the Leislimania 
infections in US soldiers who acquire their infec¬ 
tions in Panama. The principal reservoir host is the 
two-toed sloth, Choloepus hoffmani , and at least 4 
species of sand flies transmit parasites to humans. 

Female sand flies transmit motile, flagellated 
promastigotes to humans and animals when tak¬ 
ing a blood meal. Promastigotes attach to mono¬ 
nuclear phagocytes using specific receptors and are 
engulfed via endocytosis into endosomes. The 
endosomes then fuse with lysosomes to form a 
parasitophorous vacuole. The promastigote trans¬ 
forms into a nonmotile oval structure (2 to 5 mm in 
diameter) with a degenerate flagella, called the 
amastigote, inside cells of the mononuclear phagocyte 
system. Leishmania amastigotes are distinguished 
microscopically from other morphologically simi- 
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Fig. 35-31. The life cycle of leishmania. 

Adapted with permission from: Norton SA, Frankenburg 
S, Klaus SN. Cutaneous leishmaniasis acquired during 
military service in the Middle East. Arch Dermatol. 
1992;128:83 


lar pathogens by the presence of a rod-shaped ki- 
netoplast in their cytoplasm. Amastigotes persist and 
replicate by binary fission within the parasito¬ 
phorous vacuole. Eventually the expanding vacuole 
fills the cell, leading to lysis and cell death. Released 
daughter amastigotes attach and penetrate nearby 
mononuclear cells and disseminate throughout the 
body. The cycle is continued when feeding sand flies 
ingest infected cells. The ingested amastigotes trans¬ 
form into promastigotes, which live and develop 
extracellularly in the alimentary tract of the sand 
fly (Figure 35-31). 

Geographical Distribution 

CL of the Old World is often distributed in semi- 
arid, rural, savanna and urban areas, while CL and 
ML of the New World are seen in humid, neotropical 
forests. VL is associated with a canine reservoir in 
the Mediterranean region and in Brazil, but no ani¬ 
mal reservoir is associated with VL caused by L 
donovani in the Gangetic plain in southern Asia. 

Sand flies are rather delicate and do not survive 
extremes of temperature and humidity. They exist 
in harsh climates by seeking cool and humid day¬ 
time resting sites such as caves, animal burrows, 
trees, and dark niches in buildings and rubble. They 
then emerge at night when ambient temperature 
drops and humidity increases. Sand flies have short, 
hopping flight and can travel only a few hundred 
meters in a night. Seasonal variation in population 
size can also be quite marked depending largely on 
rainfall in the tropics and both rainfall and ambi¬ 
ent temperatures in more temperate climates. 

Incidence 

Groups at highest risk of disease following in¬ 
fection are nonimmunes such as military person¬ 
nel, tourists, settlers, and forest or road workers 
entering endemic areas. Deforestation, irrigation 
projects, and migration to cities with peri-urban 
sprawl are all associated with increased rates and 
epidemics of leishmaniasis. 

Pathogenesis and Clinical Findings 

CL is the most common form of leishmaniasis. 
The incubation period usually ranges from several 
weeks to months following infection but can be as 
short as 10 days or as long as 5 years. Ulcers usu¬ 
ally resolve spontaneously over several months to 
years with a disfiguring scar. The typical lesion of 
ulcerative CL starts as a small, erythematous pap¬ 
ule at the bite site. 642 The papule enlarges over sev- 
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eral weeks, crusts over, and breaks down into a 
slowly enlarging ulcer. The ulcer can be several cen¬ 
timeters in diameter. It is shallow and well defined 
and has a raised, erythematous border with central 
granulation tissue under an exudate. Ulcers may be 
single or multiple, and surrounding inflammation 
varies greatly. Ulcers heal with time to give a depressed, 
hairless, atrophic scar. Involvement of regional 
draining lymph nodes, the presence of subcutane¬ 
ous nodules ("sporotrichoid presentations"), and 
satellite lesions are common. Hyperkeratotic lesions 
that do not ulcerate can also be seen. A variety of 
less common presentations have all been reported, 
including macules; plaques; nodules; and psoria- 
form, varicelliform, eczematous, and keloidal-like 
lesions. 

ML and LR are chronic, oligoparasitic syndromes 
associated with persistent and enhanced delayed- 
type hypersensitivity reactions to leishmanial anti¬ 
gens. ML, most often seen in the New World and 
associated with L braziliensis, is characterized by 
metastatic involvement of oropharyngeal and na¬ 
sopharyngeal tissue following a primary ulcerative 
lesion. 643 Patients may present initially with minor 
complaints of hoarseness, epistaxis, nasal conges¬ 
tion, and mucopurulent expectoration. The disease 
progresses slowly over many years and leads to 
widespread tissue destruction involving the nose, 
palate, uvula, and hypopharynx. Gross alterations 
can occur, including septal perforations, irregular 
vegetative growths, gross swelling, and destruction 
of the nares, palate, and uvula. Late-stage disease, 
especially when involving the airway, can be accom¬ 
panied by persistent cough, hoarseness, or a low 
muffled voice. Extensive destruction can lead to 
inspiratory airway compromise and an increase in 
pulmonary infections because of inability to pro¬ 
tect the airway. LR, most often seen in the Old World 
and associated with L tropica, is characterized by 
recrudescing, brownish-red, lupoid nodules that 
occur around the periphery of healed primary le¬ 
sions. These painless lesions may wax and wane for 
many years. 

Diffuse cutaneous leishmaniasis is characterized 
by disseminated nodules that can be prominent on 
the head and neck. Lesions appear very similar to 
those of lepromatous leprosy, but the nodules of 
lepromatous leprosy are somewhat smaller and are 
firm to palpation while the nodules of DCL are soft 
and fleshy to palpation. 

Post-kala-azar dermal leishmaniasis is a spec¬ 
trum of dermatological findings, which includes 
macules, papules, and nodules following treatment 
of Indian or African VL with pentavalent antimony. 
It can occur during, shortly following, or several 


months after treatment. The initial macules or 
maculopapular lesions may resolve spontaneously 
over a few weeks to months or persist and develop 
into chronic papulonodular lesions. The chronic 
lesions are rich in parasites, and patients with these 
lesions are a likely reservoir for anthroponotic (hu¬ 
man-sand fly-human) transmission. 

Asymptomatic individuals with presumed latent 
infection can develop localized cutaneous disease 
at the site of blunt, penetrating, or surgical trauma 
or disseminated cutaneous lesions if immunosup- 
pressed many years following infection. 644,645 

The classic pentad of clinical findings in VL is 
fever, wasting, splenomegaly, pancytopenia, and 
hypergammaglobulinemia. Individuals with cul¬ 
ture-proven infection who lack one or more of the 
classic findings are common in endemic areas. The 
spectrum of visceralizing infection also includes 
nonspecific acute and subacute illnesses that can 
resolve without specific treatment over time. 646-648 
These "viscerotropic" infections are poorly docu¬ 
mented because of lack of clinical awareness and 
insensitive parasitologic diagnostic tests. The major¬ 
ity of visceralizing infections have been described 
as asymptomatic based on skin test surveys of en¬ 
demic populations. Individuals with a positive re¬ 
action to a Leishmania skin test antigen without signs 
or symptoms of disease or a history of classic VL 
are classified as asymptomatic. It is not possible to 
determine if these individuals really represent as¬ 
ymptomatic infections or resolved oligosymptomatic 
disease. 

Diagnostic Approaches 

The different techniques available to diagnose 
leishmaniasis are best considered in relation to the 
concept of parasite burden. Optimal techniques for 
oligoparasitic syndromes are different from those 
for polyparasitic syndromes. 

Parasitologic diagnosis is defined as any one of 
these four methods: (1) visualization of amastigotes 
in Giemsa-stained thin smears, aspirates, impres¬ 
sion smears, or histologic sections; (2) isolation of 
promastigotes in in vitro culture; (3) detection of 
parasite-specific DNA by hybridization or ampli¬ 
fying parasite-specific DNA with the polymerase 
chain reaction (PCR); and (4) in vivo culture of 
parasites (obtaining parasites from tissues of a sus¬ 
ceptible animal after inoculation with material from 
a suspect patient). Giemsa-stained smears are 
simple and inexpensive but require expert micros¬ 
copy skills. When amastigotes are unequivocally 
identified (ie, when the kinetoplast is visualized), 
the diagnosis is confirmed, but negative Giemsa 
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smears do not exclude the diagnosis of leishma¬ 
niasis. In vitro culture is more sensitive than Gi- 
emsa-stained smears and should be viewed as a 
complementary diagnostic technique. For example, 
27% of ulcerative CL lesions in Guatemala were 
smear negative and culture positive, but in the same 
study 10% of the cases were positive only by 
smear. 649 Therefore, in vitro culture and Giemsa- 
stained smears should both be attempted when 
possible in all clinically suspect cases. Polymerase 
chain reaction, although not yet available outside 
research settings, promises to increase the sensitiv¬ 
ity of parasitologic diagnosis. 

To obtain an optimal sample from a CL lesion for 
smear and culture, local anesthesia should be admin¬ 
istered with 1% lidocaine plus 1:10,000 epinephrine 
and a typical ulcerative lesion debrided to remove 
overlying exudate and crusting. Scrapings, aspi¬ 
rates, and biopsies may be obtained from both the 
center and border of the ulcer. Scrapings and aspi¬ 
rates are more likely to yield a positive result than 
biopsy. Increasing the number of cultures from the 
same lesion also appears to improve sensitivity. In 
Guatemala, a single culture was positive 38% of the 
time, but increasing the number to five cultures 
improved the rate to 66%. 649 

Parasitologic diagnosis of visceralizing syn¬ 
dromes requires an invasive procedure to obtain an 
appropriate sample from the spleen, bone marrow, 
or liver and an experienced microscopist to iden¬ 
tify amastigotes in tissue or smears. Serologic di¬ 
agnosis is possible for VL. Antibodies to crude 
promastigote lysate can be detected by immunof¬ 
luorescence, agglutination, and enzyme-lined 
immunosorbent assay. However, antibodies to other 
pathogens cross-react with the crude lysate used as 
antigen, and none of the assays are standardized. 
ELISA-based assays detecting antibodies to K39, a 
recombinant protein, have proven to be very sensi¬ 
tive and specific for the syndrome of VL. 650-653 Anti¬ 
bodies to K39 can also be detected in a rapid 
immunochromatographic ("dipstick") format, 
which yields a result in the field in less than 5 min¬ 
utes using a drop of whole blood obtained by 
fingerstick. 

Unfortunately, there is no sensitive or specific 
serologic assay for detecting Leishmania -specific 
antibody for any of the cutaneous leishmaniases. 
Delayed-type hypersensitivity is present at the time 
of ulcer formation and persists for years, if not for 
life, so using hypersensitivity skin tests would help 
detect prior infection with Leishmania and corrobo¬ 
rate the diagnosis of oligoparasitic syndromes such 
as ML and LR. Skin tests are commonly used in 
endemic countries, but there is no licensed or in¬ 


vestigational new drug product available in the 
United States. 

In endemic areas, the specificity of a clinical di¬ 
agnosis for late-stage VL when the spleen is grossly 
enlarged is likely quite high. The empiric use of 
pentavalent antimony in this situation often helps 
confirm the diagnosis if there is a rapid response (3 
to 5 days) characterized by a decline in fever and 
an improved sense of well-being. 

Recommendations for Therapy and Control 

Pentavalent antimony has been the mainstay of 
drug treatment for all the leishmaniases since the 
1940s. It is available as sodium stibogluconate 
(Pentostam, Glaxo Wellcome Foundation, London) 
and meglumine antimoniate (Glucantime, Aventis 
Pasteur, Paris). Neither of these drugs is licensed 
in the United States. Pentostam is available from 
the Centers for Disease Control and Prevention in 
Atlanta, Georgia, for civilian use, and from the 
Walter Reed Army Medical Center in Washington, 
DC, for all branches of the military. Current recom¬ 
mended treatment regimens for pentavalent anti¬ 
mony are 20 mg /kg per day for 20 days for CL and 
20 mg /kg per day for 28 days for VL and ML. 654 
The current recommended dose for the treatment 
of CL acquired in the New World was determined 
in a randomized trial of Pentostam at 10 mg / kg per 
day versus 20 mg/kg per day in US soldiers. 655 
Pentostam is generally considered a safe and effec¬ 
tive drug with no long-term or irreversible toxicity. 
It is, however, poorly tolerated by most individu¬ 
als and is associated with headache, myalgias, 
arthralgias, anorexia, and epigastric pain. Elevated 
serum amylase and lipase is seen in nearly 100% of 
treated patients, but clinically significant pancre¬ 
atitis is uncommon. 656 Optimal drug therapy for 
immunosuppressed patients is unclear, but they 
generally require a longer duration of primary 
therapy or maintenance therapy or both. The practi¬ 
cal use of Pentostam 657 and other treatment options 
are discussed elsewhere. 658,659 No drug treatment 
eradicates the parasite, so there is always risk of 
reactivation with future immunosuppression. 

The individual service member has the respon¬ 
sibility to prevent the bite of sand flies through the 
use of personal protection measures, which include 
frequently applying topical repellents containing 
33% DEET, applying permethrin to uniforms, wear¬ 
ing the uniform properly, and sleeping under 
permethrin-impregnated bednets. Failure to use 
adequate personal protection measures is contribu¬ 
tory to the vast majority of leishmaniasis cases. 

When easily identified animal reservoirs are im- 
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plicated (eg, dogs, burrowing rodents), specific 
measures to eliminate the reservoir can be successful. 
Barrier spray applications may prove useful, espe¬ 
cially for small military encampments. 406 Personnel 
should receive predeployment education on the 
transmission, prevention, and typical clinical pre¬ 


sentations of leishmaniasis. Unit commanders and 
medical personnel should rigorously enforce proper 
personal protection measures in the field and con¬ 
sider postdeployment surveillance of units with 
known exposures. 

[Alan J. Magill] 


TRYPANOSOMIASIS 


American Trypanosomiasis (Chagas' Disease) 
Introduction 

Carlos Chagas discovered the protozoan Trypa¬ 
nosoma cruzi in 1909 while studying malaria in Bra¬ 
zil. He found the organism in the intestine of a 
triatomid and later found the same parasite in the 
blood of a child suffering from fever, anemia, and 
lymphadenopathy. Chagas went on to prove that T 
cruzi was indeed the cause of a disease common in 
certain parts of Brazil. This disease, American try¬ 
panosomiasis, or Chagas' disease, is the only dis¬ 
ease to be described after its etiologic agent and 
insect vector were discovered. 660 

Description of the Pathogen 

The flagellate protozoan T cruzi has a life cycle 
similar to its Trypanosomatidae cousins, T brucei 
gambiense and T b rhodesiense, but T cruzi has four 
distinct morphologic forms: an amastigote stage 
(seen intracellularly in tissue macrophages), a 
promastigote stage (a transitional stage only), an 
epimastigote stage (in the midgut of the vector), and 
a trypomastigote stage (in the feces of the vector). 
The trypomastigote stage is the infective stage to 
humans. 

The life cycle begins with parasites multiplying 
(by binary fission) in the midgut of the vector, ma¬ 
turing, and passing as infective forms in the insect's 
feces. Human infection occurs when insect feces 
contaminate mucous membranes or breaks in the 
skin (eg, the puncture wound made by the feeding 
insect). The parasites then invade host macrophages 
and other tissue cells, multiply (causing the host 
cell to rupture), and invade adjacent cells, tissue 
lymphatics, or the blood stream. The life cycle is 
complete when an insect vector ingests infected 
blood. 661 

Epidemiology 

Transmission. The insect vector of this disease is a 
small group of the Reduviidae family called the 
Triatominae or kissing bugs (Figure 35-32). While 


there are many species of triatomids that will feed on 
humans, only a few are efficient vectors for Chagas' 
disease. The four primary vectors in South and Central 
America are Panstrongylus megistus, Rhodninus 
prolixus, Triatoma infestans, and Tri dimidiata. Local 
names for these vectors include the vinchuca in 
Argentina and the bombero (fireman) in Brazil. 
Important North American vectors include Tri barberi 
in Mexico and Tri gerstaeckeri, Tri protracta, and Tri 
sanguisuga in the United States. 662 All species, both 
male and female, feed at night and often live in the 
thatched roofs or cracks in the walls or floors of poorly 
constructed shacks. In fact, children in some parts of 
Brazil often awaken with spots on their faces that are 
actually triatomid feces that "rain" down from the 
thatched roofs during the night. 663 

In addition to vector transmission, Chagas' disease 
can be transmitted through blood transfusions, organ 
transplants, transplacental infection, and laboratory 
accidents. 62p514_520;664 Other routes of transmission have 
been described in Mexico, where people in some 
communities believe that the bugs have aphrodisiac 
powers or that the bug feces can cure warts. In other 
communities, the triatomid bugs are eaten with hot 
sauce by the Huichol Indians. 665 

Humans and more than 150 species of wild and 



Fig. 35-32. The triatomid vector of American trypanoso¬ 
miasis, also known as the kissing bug. Photograph: Cour¬ 
tesy of Professor W. Peters, International Institute of Para¬ 
sitology. 
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domestic mammals serve as hosts for the parasite. The 
incubation period is approximately 5 to 14 days after 
the bite of an infected vector, and the vector becomes 
infective between 10 and 30 days after biting an 
infected host. All age groups are susceptible to the 
parasite, but the young and immunocompromised 
have the greatest risk for severe disease. 62 

Geographic Distribution. Chagas' disease occurs 
only in the Western hemisphere, with the vast ma¬ 
jority of cases occurring in Latin America. T cruzi 
infection of humans, nonhuman mammals, and 
reduviid bugs has been found in Mexico and all 
countries of South and Central America. 661 Although 
Chagas' disease is found mostly in Latin America, 
a small number of vector-borne infections acquired 
in the United States have been reported. 62,661 Addi¬ 
tionally, infected triatomids and mammals have 
been found across the southern part of the United 
States from Maryland to California. 660 Serological 
surveys in Washington, DC, demonstrate infection 
in 4.9% of migrants to that city from Central 
America. 62 

Incidence. Its prevalence, morbidity, mortality, 
and incurability make Chagas' disease the most 
important endemic disease in South America. 666 It 
is estimated that between 16 million and 18 million 
people are infected with T cruzi 661 and that approxi¬ 
mately 50,000 patients die each year from Chagas' 
disease. 667 Infection can occur at any age but occurs 
most frequently in infancy. The harmful (often fa¬ 
tal) consequences of infection usually take years to 
manifest themselves and usually do so in adults. 
Chagas' disease is the most common cause of myo¬ 
carditis in South America. 666 

Pathogenesis and Clinical Findings 

Three phases of the disease are commonly de¬ 
scribed: (1) The acute phase can be asymptomatic, 
can consist of a swelling or "chagoma" at the infec¬ 
tion site, or can include fever, malaise, adenopathy, 
and facial edema (Romana's sign); rarely, acute 
heart failure or meningoencephalitis can occur. 
Adults seem more resistant to acute Chagas' dis¬ 
ease and usually progress to the next phase of the 
disease. (2) The indeterminate phase may last for 
years, in which the infection may be present in tis¬ 
sue without clinical manifestations. (3) The chronic 
phase may develop into cardiomyopathy, megaco¬ 
lon, or megaesophagus. About 50% of patients with 
chronic Chagas' disease develop cardiac or gas¬ 
trointestinal disease. If death occurs during the 
chronic phase, it is usually due to congestive heart 
failure, cardiac rupture, or cardiac arrhythmia (eg. 


ventricular fibrillation, atrioventricular block) sec¬ 
ondary to Chagas' cardiomyopathy. 668 

Diagnosis 

The diagnosis of acute Chagas' disease is made 
by detecting parasites in the blood. The parasites 
can often be seen in wet preparations of butty coat 
or anticoagulated blood or in Geimsa-stained 
smears. If these approaches fail, culturing the para¬ 
site in specialized media or by xenodiagnosis (cul¬ 
turing the organism in laboratory-reared insect vec¬ 
tors) may be considered. 

The diagnosis of chronic Chagas' disease can be 
made serologically by detecting IgG specific for T 
cruzi antigen using one or more highly sensitive 
tests (eg, indirect immunofluorescence, complement 
fixation, indirect hemagglutination, enzyme-linked 
immunosorbent assay). A problem with these sero¬ 
logic tests, however, is the false-positive results that 
occur in patients having diseases such as leishma¬ 
niasis, syphilis, malaria, collagen vascular diseases, 
and other parasitic diseases. Because of this, a de¬ 
finitive diagnosis usually requires a positive result 
using two or three of the above-mentioned serologic 
tests. 664 

Recommendations for Therapy and Control 

Available drug treatments for T cruzi infection 
are generally unsatisfactory. Two drugs, nifurtimox 
(available from the Centers for Disease Control and 
Prevention [CDC], Atlanta, Georgia, on an investiga¬ 
tional new drug basis) and benznidazole, are active 
against both trypomastigotes and amastigotes but 
are only successful in about 50% of treated patients. 669 
Both drugs can cause substantial toxic reactions in 
treated patients. 670 Though there is no widely ac¬ 
cepted treatment for patients with chronic T cruzi 
infection, Gallerano and colleagues have reported 
that allopurinol is as effective as benznidazole and 
nifurtimox in suppressing parasitemias. 671 These 
studies are preliminary, however, and their open 
and nonrandomized structure makes the interpre¬ 
tation of their findings difficult. 

Preventive measures are most important in curb¬ 
ing this disease and include: 

• public education on the mode of spread and 
prevention of the disease, 

• effective use of insecticides—especially in 
poor housing areas where thatched roofs 
are common, 

• use of bednets in infested houses, and 
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• screening blood and organ donors from en¬ 
demic areas. 62 

The best way for service members to protect 
themselves against Chagas' disease is to avoid, if 
possible, areas and buildings that might harbor the 
insect vector. If avoidance of these areas is impos¬ 
sible because of mission requirements, service mem¬ 
bers should practice personal protection measures 
(eg, the use of deet insect repellent, permethrin- 
treated uniforms, and permethrin-treated bednets) 
when operating in high-risk areas. 

African Trypanosomiasis (African Sleeping 
Sickness) 

Introduction 

Although African trypanosomiasis has probably 
existed for centuries, it has become a health problem 
for humans only in the last 150 years. This disease 
began emerging as a threat to human populations 
with the colonization of Africa and the spread of 
the disease from west to east, resulting in its current 
geographic distribution. 672 An epidemic in Zaire 
between 1896 and 1906 took approximately 500,000 
lives, and another epidemic that occurred along the 
shores of Lake Victoria around the same time 
claimed approximately 250,000 lives, two-thirds of 
the population of the region. 673 

Colonel David Bruce discovered that trypanosomes 
(T brucei) caused a disease in cattle, "nagana," and 
linked this disease to the tsetse fly in 1895. Forde 
first saw a trypanosome in the blood of a European 
in West Africa in 1901; in 1902, Dutton named the 
parasite T gambiense. Castellani then discovered the 
same parasite in the cerebrospinal fluid of a victim 
of Ugandan sleeping sickness in 1903. In 1910, 
Stephens and Fantham discovered a more virulent 
form of the disease in an English patient in north¬ 
ern Rhodesia who died in just 6 months. They 
named this form of the disease Rhodesian trypano¬ 
somiasis and the parasite Trypanosoma rhodesiense. 
Both parasites were later found to be related to the 
parasite discovered by Bruce years earlier, T 
brucei. 660 ' 672 

Description of the Pathogen 

African trypanosomiasis is caused by the subspe¬ 
cies of the hemoflagellate protozoan, T brucei. 
Gambian, or West African, sleeping sickness is 
caused by T brucei gambiense and is transmitted to 
humans through the bite of the riverine tsetse fly. 


Rhodesian, or East African, sleeping sickness is caused 
by Tb rhodesiense and is transmitted by the bite of the 
savannah tsetse fly. These parasites have two distinct 
morphologic forms: an epimastigote stage (in the sali¬ 
vary glands of the vector) and a trypomastigote stage 
(in the proboscis of the vector). The trypomastigote 
stage is the infective stage to humans. 660 

The life cycle of these trypanosomes, like that of 
T cruzi in American trypanosomiasis, begins with 
the parasite multiplying in the midgut of the vector. 
These parasites then migrate to the salivary glands 
of the fly and form epimastigotes, which in turn form 
metacyclic trypanosomes (young trypomastigotes) 
that can infect the bite wound of a new host as the 
vector feeds. 674 

Epidemiology 

Transmission. Humans serve as the primary res¬ 
ervoir for T b gambiense, while game animals and 
domestic cattle act as animal reservoirs for T b 
rhodesiense. 62 T b gambiense produces a chronic dis¬ 
ease after a 2- to 23-day incubation period, while T 
b rhodesiense produces a more severe, acute infec¬ 
tion after an incubation period of 1 to 2 weeks. 660 

Of the more than 22 species of tsetse flies in the 
genus Glossina, only six are important in the trans¬ 
mission of trypanosomiasis (Figure 35-33). The im¬ 
portant vectors for T b gambiense include G palpalis, 
Gfuscipes, and G tachinoides, and the vectors for T b 
rhodesiense include G morsitans, G swynnertoni, and 
G pallidipes. Both sexes of the tsetse fly feed on blood 
and are day feeders. They feed on a wide variety of 
mammals, particularly cattle and other domestic 
animals, and some reptiles. Humans are incidental 



Fig. 35-33. The tsetse fly vector of African trypanosomiasis. 
Photograph: Courtesy of Colonel Peter Peters, US Army 
(Retired). 
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targets for the tsetse fly. 675 

Other modes of disease transmission are possible. 
Mechanical transmission can occur when a biting 
fly is interrupted while feeding on an infected host 
and bites an uninfected host before the blood on 
the mouth parts has dried (2 to 3 hours). 674 Addi¬ 
tionally, congenital transmission has been re¬ 
ported 676 but is rare. Parasite transmission through 
blood transfusion is also possible but unusual. 674 

Geographic Distribution. African trypanosomiasis 
is confined to the tropical heart of Africa (between 
14° N and 29° S latitude). 677 T b gambiense has a much 
wider-ranging distribution than T b rhodesiense and 
extends from the West Coast of Africa to regions 
around Lake Victoria. T b rhodesiense is confined to 
the eastern part of the continent and extends from 
southern Sudan to Mozambique. 660 

Incidence. African sleeping sickness occurs in 
approximately 200 endemic foci in 36 African 
countries. 677 There are about 20,000 cases of new 
human trypanosomiasis reported each year, but 
experts feel that this is an underestimate due to poor 
disease surveillance and underreporting. 672,674 

Pathogenesis and Clinical Findings 

The pathogenesis of sleeping sickness is thought 
to be caused by the host's immunological response 
to the trypanosomes. Initially, there is increased 
activity in the lymphoid tissue with a proliferation 
of plasma cells. Large amounts of IgM and autoim¬ 
mune anti-DNA antibodies are then produced. 
Next, immune complexes activate physiological 
cascades resulting in vascular permeability, intra¬ 
vascular coagulopathy, and tissue damage. 672,674 

African trypanosomiasis first manifests as a chan¬ 
cre at the site of the infected tsetse bite 5 to 15 days 
after the bite. The chancre (which is seldom seen in 
Africans) appears as a somewhat elevated, painful, 
and indurated dusky-red papule, approximately 2 to 
5 cm in size, which resolves in 2 to 3 weeks. 660,674 Early 
systemic symptoms include fever, headaches, 
arthralgias, myalgias, and malaise and are often 
mistaken for malaria. 672 As the disease progresses, 
generalized lymphadenopathy follows and often re¬ 
sults in enlarged posterior cervical lymph nodes 
(Winterbottom's sign) in gambiense sleeping sickness. 
Late-stage disease is characterized by central nervous 
system (CNS) involvement and may occur within 
weeks to months, depending on the subspecies. CNS 
manifestations include mood and personality alter¬ 
ations, movement disorders, lassitude, and daytime 
somnolence. The final stage of the disease consists of 
pruritis, wasting, and finally coma. Death usually re¬ 


sults from the trypanosomiasis itself, infection, or mal¬ 
nutrition. With acute rhodesiense disease, the patient 
may die before CNS involvement of cardiac failure or 
cardiac arrhythmia due to pancarditis. 674 

Diagnosis 

Diagnoses rely on demonstration of trypano¬ 
somes in the blood, the chancre, lymph node aspi¬ 
rates, the cerebrospinal fluid, or any combination of 
these. Concentration techniques, such as centrifu¬ 
gation of the cerebrospinal fluid or buffy-coat micros¬ 
copy, may increase the sensitivity of the laboratory 
diagnosis. 672 Another way to increase diagnostic 
sensitivity is through culture. Blood, cerebrospinal 
fluid, or lymph node aspirate can be inoculated into 
a GLSH culture medium. 674 Current serological tests 
lack the specificity to be used without demonstra¬ 
tion of the organism. A commercially available card 
agglutination test (CATT) has been developed for 
T b gambiense and has been shown to be useful in 
screening large populations. 672 

While it is impossible to distinguish morphologi¬ 
cally between the two subspecies, they can be dif¬ 
ferentiated. Perhaps the quickest way to distinguish 
the two subspecies is by taking a good travel his¬ 
tory, because there is very little overlap in their geo¬ 
graphic distributions. For travelers who have been in 
areas endemic for both subspecies, animal inocula¬ 
tion can be performed to make the diagnosis. Rodent 
inoculation of heparinized blood or cerebrospinal 
fluid is still the most sensitive method for diagnos¬ 
ing infection with T b rhodesiense. T b gambiense will 
usually not infect rodents or only infect them with 
great difficulty. 674 

Recommendations for Therapy and Control 

Once the diagnosis is established, treatment 
should begin immediately. Identification and 
proper treatment of early disease usually results in 
cure; untreated sleeping sickness is fatal. If trypa¬ 
nosomes have been demonstrated and there is still 
doubt about the subspecies, it is recommended that 
the patients with rapidly progressing disease be 
treated as having T b rhodesiense sleeping sickness 
and patients with slowly developing symptoms as 
having T b gambiense sleeping sickness. 678 

Suramin, available from the CDC on an investi¬ 
gational basis, is currently the drug of choice for 
treatment of early sleeping sickness caused by ei¬ 
ther subspecies. Since this drug does not cross the 
blood-brain barrier, however, it will not clear try¬ 
panosomes from the CNS. Pentamidine is another 
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drug used in the early treatment of sleeping sick¬ 
ness; it is also used for chemoprophylaxis. Illness 
caused by T b rhodesiense infection, however, often 
does not respond to pentamidine, so it should be 
used for the early treatment and prophylaxis of 
gambiense disease only. 678 Melarsoprol (also avail¬ 
able from the CDC on an investigational basis) is 
effective against both subspecies of the parasite and 
is the drug of choice for treating patients with CNS 
involvement but is, however, highly toxic and 
should only be given to patients in a hospital set¬ 
ting. Potential side effects may occur in 5% to 10% 
of patients and include fever, dermatitis, chest pain, 
neuropathy, and a fatal toxic encephalopathy. 672,678 
If the patient has late-stage disease and T b gambiense 
has been identified as the parasite, eflornithine 
(available through the World Health Organization, 
Division of Control of Tropical Diseases) should be 
used for treatment. 678 Other drugs have been stud¬ 
ied for the treatment of African trypanosomiasis (eg, 
diminazene, nifurtimox, nitrofurazone, melarsonyl 
potassium), but their toxicity and limited effective¬ 
ness curtail their usefulness. 674,678 

Like American trypanosomiasis, African trypa¬ 


nosomiasis is best controlled by preventive mea¬ 
sures. They consist of the following: 

• education of service members and others 
on the mode of spread of the disease and how 
to protect themselves against the tsetse fly, 

• use of insecticides and destruction of vec¬ 
tor habitats to reduce the fly population, 

• disease surveillance in the human host 
population and prompt treatment for those 
found to be infected, and 

• screening of blood donors from endemic areas. 62 

Chemoprophylaxis with pentamidine (4 mg / kg, to 
a maximum of 300 mg, intramuscularly every 3 to 6 
months) may be indicated for individuals who will 
have constant, heavy exposure to T b gambiense. 672 
Service members can best protect themselves from 
African trypanosomiasis by the same methods used 
for other vector-borne diseases—vector avoidance and 
use of personal protective measures (eg, deet, 
permethrin-treated uniforms, permethrin-treated 
bednets). 

[William C. Hewitson] 
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LEPTOSPIROSIS 


Introduction and Military Relevance 

Leptospirosis is a zoonotic infection in which 
humans are incidentally infected when they have 
direct or indirect skin or mucous membrane con¬ 
tact with the contaminated urine of infected wild 
and domestic animals. Leptospirosis has been well 
documented in military populations with a history 
of exposures to mud or various bodies of water in 
endemic locales. 1,2 It is caused by a spirochete, and 
transmission can occur in urban, suburban, and 
rural settings in both tropical and temperate areas. 
The clinical spectrum ranges from an asymptom¬ 
atic or influenza-like infection (the most common 
presentation) through hemorrhagic manifestations, 
meningismus, jaundice, and renal failure. The more 
severe end of the spectrum is called Weil's syn¬ 
drome. Although efforts at prevention can include 
immunization of domestic animals, the major 
means of prevention used in the military setting 
include education, rodent control, and, when ap¬ 
propriate, weekly doxycycline prophylaxis. 

Description of the Pathogen 

There are more than 200 antigenically distinct 
serovars or strains of leptospire classified into about 
23 groups under the species Leptospira interrogans. 
The distribution of serovars varies around the 
world. The pathogenicity of serovars varies from 
animal to animal and even between "identical" 
serovars from different regions. 3 A newly recog¬ 
nized species, L fainei, may also affect humans. A 
nonpathogenic species, L biflexa, also exists. Ad¬ 
vances in molecular genetics are leading to a vari¬ 
ety of new classification schemes that do not relate 
to traditional serological groupings. 

Leptospires are obligate aerobes. They are flex¬ 
ible, tightly coiled, helicoidal rods with one or both 
ends usually hooked. Due to its thinness and mo¬ 
tility, darkfield microscopy is necessary for optimal 
visualization even with staining. 

Epidemiology 

Transmission 

Leptospires can live free or in association with 
human and animal hosts. Animals that survive the 
acute infection may shed the organisms in their 
urine for years. In a 1982 survey of 139 small ani¬ 
mals trapped at the Jungle Operations Training 


Center in Panama, 42% had leptospira in their urine 
(Takafuji ET. 1982. Unpublished data). Even dogs 
immunized to prevent clinical disease can develop 
renal shedding. 4 In the environment, L interrogans 
can survive under favorable conditions for as long as 
6 months. Tropical, unpolluted, nonsaline, slightly 
alkaline waters provide an ideal environment. 

Although leptospires usually enter the person 
through breaks in skin or mucous membranes, pro¬ 
longed immersion in water may facilitate infection 
through otherwise intact skin. Service members 
seem to be at particular risk during operations in 
swamps, streams, ponds, and muddy areas. Lep¬ 
tospirosis has been particularly noteworthy among 
US forces operating in Panama and Vietnam. 1,2 
Other professions that are notably at risk include 
agriculture and aquaculture, sewer and construc¬ 
tion work, animal husbandry, veterinary and 
slaughterhouse work, mining, and laboratory work. 
Increasingly, recreational pursuits have been shown 
to be correlated with risk; this includes care of pets, 
hunting, fishing, swimming in ponds and other 
bodies of fresh water, rafting, and playing sports 
on muddy fields. 5-7 Other possible routes of infec¬ 
tion implicated include contaminated drinking 
water and food preparation surfaces, and, rarely, 
animal bites. Extremely rare routes of transmission 
include human-to-human transmission through 
urine, breast milk, and sex. 8,9 

Geographic Distribution 

Leptospirosis can be found in almost every coun¬ 
try, though the distribution within a country reflects 
the variations in host-animal populations and the 
environment. 3 Cases have been recognized in vir¬ 
tually all states in the United States, though most 
reports are from Hawaii and the less-arid southern 
states. 5 

As was clearly evident with US troops training 
in Panama, risk may increase significantly in the 
rainy season. Rains or flooding can enhance the 
flushing of subsurface leptospires into surface wa¬ 
ters and draw shedding rodents and other animals 
to swampy areas. 8 Urban flooding following hurri¬ 
canes and other heavy rains is also associated with 
increased risk. The seasonality of reported cases 
may also reflect the cyclic nature of human agri¬ 
cultural or recreational activity. Though persons 
in arid areas tend to be at lesser risk of leptospiro¬ 
sis, significant transmission can occur under the 
right environmental conditions, carrier prevalence. 
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and human behaviors. For example, the concen¬ 
tration of shedding animals and people around 
scarce water holes or oases may create opportu¬ 
nities for transmission. 

Incidence 

The incidence of leptospirosis is grossly under¬ 
reported because the clinical presentation is often 
that of a nonspecific influenza-like illness. Most 
cases are not specifically diagnosed or are misdiag¬ 
nosed as a more common febrile infection such as 
dengue. On occasion this can be a fatal mistake. 
Clinical awareness of the patient's epidemiologic 
history and a high index of suspicion are essential 
to making this diagnosis and instituting timely, ef¬ 
fective therapy. 

Leptospirosis occurs both sporatically and in 
common-source outbreaks. Probably the highest 
incidence documented has been in US forces train¬ 
ing in Panama. Between 1977 and 1982, close surveil¬ 
lance was conducted on seven US Army units at¬ 
tending the 3-week course at the Jungle Operations 
Training Center during the fall rainy season. This 
surveillance yielded 91 confirmed and probable 
cases, for an annualized incidence estimate of 41,000 
per 100,000 person years (Takafuji ET. 1984. Unpub¬ 
lished data) (Figure 36-1). Since these troops in 
training did not have daily exposure, the real risk 
was probably even higher. Clearly these attack rates 
indicate that an intense operational exposure to 
contaminated environments can have a major impact 
on not only individual health but also unit capabil¬ 
ity and mission accomplishment. 


Pathogenesis and Clinical Findings 

The underlying pathologic effect of acute lep¬ 
tospirosis resembles a vasculitis with damage to the 
endothelial lining of capillaries coupled with 
hepatitic and renal tubular dysfunction. 10 Histori¬ 
cally most leptospirosis deaths have been due to 
renal failure, but dialysis has reduced the fatality 
of this factor. Cardiac effects, to include myocardi¬ 
tis and arrhythmias, are now the leading cause of 
death in leptospirosis. Hemorrhagic manifestations 
are also common in severe cases. Jaundice is a ma¬ 
jor feature of severe leptospirosis and appears to 
reflect hepatic cell dysfunction more than hemoly¬ 
sis. Survivors generally have no lasting liver or re¬ 
nal dysfunction. Repeated infections with other 
serovars can occur. Intrauterine infections can cause 
fetal loss, premature labor, and congenital infection. 

The incubation period for leptospirosis is typi¬ 
cally 7 to 12 days (range: 2 to 26 days). Very short 
incubations have been seen in laboratory exposures. 
Although about 90% of recognized cases present as 
a mild, self-limited febrile illness, in a prospective 
serosurvey of soldiers that identified 24 infected 
persons, only one denied any symptomatology. 2 It 
is quite possible that if all cases were ascertained, 
even more than 90% would be recognized as mild. 

Mild, anicteric patients often present with the 
sudden onset of fever that peaks at 38°C to 40°C. 
Other complaints may include headache, chills, 
back and joint pain, neck stiffness, and intense 
myalgia. Even lightly touching the skin over the 
thighs, calves, and lumbosacral muscles may elicit 
notable pain. A commonly described finding dur- 



Fig. 36-1. A typical occupational exposure: soldiers in 
the mud at the Jungle Operations Training Center, 
Panama. 

US Army photograph. 



Fig. 36-2. Conjunctival suffusion in a soldier with lep¬ 
tospirosis Photograph: Courtesy of Colonel Ernest 
Takafuji, Medical Corps, US Army. 
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ing the first 3 days of illness is conjunctival suffu¬ 
sion, a dilation of the conjunctival vessels without 
associated signs of inflammation (Figure 36-2). Gen¬ 
eralized abdominal pain is sometimes noted and 
may suggest a "surgical abdomen" or enteric fever. 
Nausea, vomiting, diarrhea, and constipation may 
also be reported. Skin manifestations of mild lep¬ 
tospirosis can include a variety of rashes, mainly 
but not exclusively on the trunk. Meningeal irritation, 
photophobia, and a variable degree of physiological 
dysfunction may also noted in mild disease. 

Although often not noted by clinicians, classi¬ 
cally leptospirosis is described as having an initial 
leptospiremic phase followed after a 1- to 5-day 
fairly asymptomatic period by a secondary lepto- 
spiuric phase. The leptospiremic phase typically 
lasts 4 to 7 days and ends about the time antibodies 
appear. During the leptospiruric phase, fever re¬ 
turns and may be associated with signs of aseptic 
meningitis 10 (Figure 36-3). The severity of the men¬ 
ingitis is variable. The second phase may last 4 to 
30 days or longer. In a review of 150 cases in ser¬ 
vice members serving in Vietnam, however, only 
48% of cases were noted to have this second phase, 
which usually lasted only 1 day. 1 

In that minority of cases with severe leptospiro¬ 
sis, the initial fever and generalized abnormalities 


can progress to manifest jaundice, azotemia, hem¬ 
orrhage, anemia, shock, and altered mental status. 
As the disease progresses into the second week, 
hemorrhagic manifestations may be noted in the 
skin, conjunctiva, and sputum. 10 Deaths due to adre¬ 
nal hemorrhage have been noted but are rare. Renal 
failure, acute respiratory distress syndrome, con¬ 
gestive heart failure, and arrhythmias are additional 
manifestations of severe leptospirosis. Hemorrhagic 
pneumonitis has been a significant manifestation 
in infections acquired in Korea, other Far Eastern 
locales, and Nicaragua. Mild proteinuria is a no¬ 
table laboratory finding. Vitamin K can correct the 
prothrombin deficiency that is sometimes seen. 
Other common laboratory findings include elevated 
creatinine phosphokinase and amalyse levels, neu¬ 
trophilia, and thrombocytopenia. During the sec¬ 
ondary phase, the cerebrospinal fluid may show a 
pleocytosis. A variety of chest roentgenogram ab¬ 
normalities are common and may include pulmo¬ 
nary opacities, pleural effusion, and evidence of 
myositis or pericardial effusion. Electrocardio¬ 
graphic abnormalities are also noted. 

Published case fatality rates vary widely, prob¬ 
ably reflecting geographic variation in serovars and 
in the low proportion of mild cases that are specifi¬ 
cally diagnosed. Overall, the true case fatality is 


ANICTERIC LEPTOSPIROSIS ICTERIC LEPTOSPIROSIS 


(WEIL'S SYNDROME) 

First Phase Second Phase First Phase Second Phase 



Fig. 36-3. The clinical course of leptospirosis 

Reprinted with permission from: Feigin Rd, Anderson DC. Leptospirosis. In: Feigin RD, Cherry JD, eds. 
Textbook of Pediatric Infectious Disease. Vol 2. Philadelphia: W.B. Saunders; 1998: 1534. 
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probably less than 1.0%, but severe cases may have 
rates of well over 10%. In survivors, convalescence 
may extend to several months. In a small percentage 
of survivors, a variety of delayed ocular complica¬ 
tions, including anterior uveal tract inflammation, 
may become manifest during convalescence or as 
long as a year later. These and headaches may per¬ 
sist for years. 11 

Diagnostic Approaches 

Early diagnosis is important in leptospirosis for 
antibiotic therapy to be effective and to prevent fu¬ 
ture cases. Key to diagnosis is a good epidemiologic 
history, especially when patients present with a fe¬ 
brile illness associated with an abrupt onset, 
myalgias, and severe headache. The differential di¬ 
agnosis includes heat injury, influenza, dengue, 
rickettsioses, typhoid fever, brucellosis, relapsing 
fever, toxoplasmosis, malaria, yellow fever, septi¬ 
cemia, toxic shock syndrome, Kawasaki syndrome, 
Hantaan virus infection, and Legionnaires' disease. 
In the Caribbean region, the relative frequency of 
dengue has contributed to the missed diagnosis of 
leptospirosis, sometimes with fatal consequences. 
In the Balkans, distinguishing between leptospiro¬ 
sis and hantavirus infection has also been difficult. 

The specific diagnosis of leptospirosis usually 
requires paired sera to document a 4-fold rise in 
antibody titer and is thus often retrospective. Com¬ 
mercial enzyme immunosorbent assays or macro¬ 
agglutination serologic screening tests are typically 
used. Polymerase chain reaction methods are also 
available in some laboratories and can help with 
early diagnosis. The definitive antibody assay is the 
microagglutination test, but this is found only in 
reference laboratories and requires that the battery 
of live leptospiral organisms used reflect the 
serovars prevalent in the location where the puta¬ 
tive exposure occurred. 8 The importance of this is 
illustrated by the report that 70% of the leptospirosis 
acquired by US soldiers in Panama could be diag¬ 
nosed serologically by the microagglutination test 
only when Panamanian isolates were used as anti¬ 
gen. 12 Presumptive diagnosis can be made when 
there are compatible clinical findings and either a 
positive macroagglutination slide test or a micro¬ 
agglutination titer of at least 1 in 100. Many other 
assays are under development, including rapid dip- 
stick-type tests. 

Cultures of blood and cerebrospinal fluid estab¬ 
lished during the first week or so on specific media 
are also valuable in confirming the diagnosis, but 
it may take 6 to 8 weeks for the leptospires to grow. 8 


After the first week, successful cultures of urine are 
possible. Specimens of blood, cerebrospinal fluid, 
and urine for culture must be innoculated into spe¬ 
cial culture media such as Tween 80-albumin 
(EMJH) media. To reduce the effect of inhibitory 
substances, three serial dilutions should be made 
to yield specimen to media concentrations of 1:10, 
1:100, and 1:1000. The cultures should be incubated 
in the dark at 28°C to 30°C. If an appropriate lep¬ 
tospiral growth medium is not immediately avail¬ 
able, leptospira can survive for a week or longer 
after collection in a tube of blood anticoagulated 
with heparin or sodium oxalate. In one study of US 
soldiers who trained in Panama in which blood and 
urine cultures were taken within 3 days of fever 
onset, more than 94% of patient cultures were posi¬ 
tive. 2 Culture results are sometimes positive in the 
face of negative serologies. 

Recommendations for Therapy and Control 

Most experts feel that antibiotic therapy of lep¬ 
tospirosis is useful if given early in the illness. 
Doxycycline, 100 mg by mouth twice a day for 7 
days, has been shown to be effective in soldiers who 
acquired leptospirosis in Panama if given within the 
first 4 days of illness. 13 Penicillin has also been used 
with success in some studies 14-16 but not in others. 
Erythromycin, some of the newer penicillins, and 
cephalosporins may also be effective. 17 Jarisch- 
Herxheimer reactions (ie, temperature rise, drop in 
blood pressure, and precipitation or exacerbation 
of other symptoms and signs) have been reported 
to occur after antibiotic therapy for leptospirosis. 
Concern over these reactions, however, does not 
justify avoiding antibiotics. Nonspecific therapy 
may be useful to manage pain, fever, mental status 
changes, vomiting, renal failure, hypotension, and 
hemorrhage. 

Prevention in humans is based on exposure reduc¬ 
tion and antibiotic prophylaxis. Exposure reduction 
requires an understanding of the epidemiology of 
the infection in a particular setting. Education of 
service members, commanders, operational plan¬ 
ners, and health care personnel on the epidemiol¬ 
ogy of leptospirosis is important. Although military 
operational imperatives may require exposure to 
potentially contaminated soil and water, an aware¬ 
ness of leptopsirosis may strengthen consideration 
of tactical alternatives that can mitigate exposures. 
Knowledge of the epidemiology of leptospirosis can 
also help influence a commander to put some areas 
off limits for recreational use. Other methods (eg, 
rodent control in camps, use of protective clothing 
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and surface disinfectants) have a place in some oc¬ 
cupational exposure settings. Simply wearing shoes 
rather than going barefoot reduces the risk of lep¬ 
tospirosis for individuals walking around fields, 
farms, bivouac sites, lawns, or other areas where 
infected wild and domestic animals may urinate. 
Prevention programs in domesticated animals can 


include immunization. 

Chemoprophylaxis with weekly doxycycline (200 
mg) has been extremely effective in preventing troops 
training in Panama during the high-risk rainy season 
from getting leptospirosis; such a regimen should only 
be used for short, high-risk exposures. 2,7 

[Patrick W. Kelley] 


HANTAVIRUSES 


Introduction and Military Relevance 

Infectious febrile syndromes complicated by re¬ 
nal and hematological abnormalities have been de¬ 
scribed in northern Europe, the Balkans, and 
throughout the Far East for many decades. Since 
the 1930s, these geographically distinct but clini¬ 
cally and epidemiologically similar entities have 
frequently been cited in association with the mili¬ 
tary and its operations. During World War II, huge 
outbreaks of these diseases were documented 
among Japanese and Soviet soldiers encamped 
along the Amur River valley in the Far East, while 
more than 1,000 German and Finnish troops were 
stricken in Lapland. 18,19 Beginning in the 1950s, hem¬ 
orrhagic nephroso-nephritis became increasingly 
recognized as a hazard to military camps in central 
Europe. 20 Despite their widespread recognition 
across the Eurasian landmass, however, these dis¬ 
orders were unknown to US military physicians 
until the Korean War, when more than 3,000 United 
Nations military personnel developed so-called 
epidemic (or Korean) hemorrhagic fever between 
1951 and 1953. 21 Although these diseases were 
widely assumed to be infectious zoonoses, details 
of their epidemiology and pathogenesis remained 
undefined until Lee and colleagues recognized the 
causative agent of Korean hemorrhagic fever, 
Hantaan virus, in 1976. 22 Since that time, these dis¬ 
orders, now known collectively as hemorrhagic fe¬ 
ver with renal syndrome (HFRS), have been linked 
to a variety of similar but serologically distinct 
agents called hantaviruses. As evidenced by re¬ 
peated severe and occasionally lethal outbreaks 
among soldiers in Korea 23 and Europe, 24 hantaviruses 
continue to plague the field operations of US mili¬ 
tary forces in endemic areas. 

Description of the Pathogens 

Hantaviruses are negative-stranded RN A viruses 
sharing morphological and biochemical character¬ 
istics of the family Bunyaviridae. Taxonomically, they 
are classified as a separate genus within this large 


virus family. 25 Each hantavirus has evolved in as¬ 
sociation with a predominant rodent host in which 
it establishes a chronic, inapparent infection. 26 As 
of 1997, more than 25 hantaviruses had been de¬ 
scribed belonging to four phylogenetic and anti¬ 
genic groups. About half of the currently recognized 
hantaviruses have been linked to human disease. 27- 
29 Hantaviruses of particular interest to military 
populations include the Seoul, Hantaan, Puumala, 
Dobrava/Belgrave, and the so-called "American" 
viruses (eg. Sin Nombre, Andes). 

Epidemiology 

Transmission and Geographic Distribution 

Chronically infected rodents shed large amounts 
of virus in urine, saliva, and, to a lesser extent, fe¬ 
ces. 30 Humans most likely become infected either 
by contact with these contaminated excreta and 
secreta through inhalation of small particle aerosols 
or by percutaneous or mucous membrane contact 
with infectious materials. Individuals at highest risk 
include those living or working in rural areas, such 
as farmers and foresters. Military personnel in the 
field also represent a high-risk group. Person-to- 
person spread of hantaviruses associated with 
HFRS has never been documented. 

Hantaviruses have been found on every conti¬ 
nent except Antarctica. The epidemiology of each 
different virus is a function of the ecology, popula¬ 
tion dynamics, and geographic distribution of its 
predeominant rodent host. Hantavirus reservoirs 
tend to be among the most abundant rodents found 
in a given disease-endemic area. However, infec¬ 
tion within rodent populations is not uniform—a 
characteristic reflected in the microfocal distribu¬ 
tion of human disease. 31 

With the exception of Seoul virus, hantaviruses 
typically cause human disease in rural settings. 
Hantaan virus, the cause of classic severe ("Far East¬ 
ern") HFRS, circulates across China, northern Asia, 
and the Korean peninsula. 32 Its reservoir, Apodemus 
agrarius, is the ubiquitous striped field mouse. The 
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etiologic agent of a generally milder disease vari¬ 
ant known as nephropathia epidemica, Puumala 
virus, is associated primarily with the bank vole 
Clethrionomys glareolus. This rodent ranges through¬ 
out Scandinavia and the rest of northern Europe 
south into the Balkan states. 32,33 Dobrava /Belgrade 
virus is associated epidemiologically with severe 
HFRS. This agent is carried (perhaps along with 
Hantaan-like viruses) in central Europe and the 
Balkans by the yellow-necked field mouse, Apodemus 
flavicollis. M ~ 3b Rattus species serve as reservoirs for 
Seoul virus. Seoul virus is recognized worldwide 
and has been linked to comparatively mild human 
illness, most frequently in eastern Asia, but it can 
also cause severe HFRS. 

Until relatively recently, hantaviruses were 
thought to be associated exclusively with HFRS and 
to cause disease largely in Europe and Asia. In late 
1993, however, an outbreak of a rapidly progres¬ 
sive respiratory syndrome among inhabitants of the 
Four Corners region of the southwestern United 
States was shown to be caused by a novel hantavirus 
(ultimately called Sin Nombre) associated with deer 
mice (Peromyscus maniculatus). 37-39 As efforts inten¬ 
sified to define the geographical extent of what 
came to be known as hantavirus pulmonary syn¬ 
drome (HPS), some cases were identified outside 
the known distribution of P maniculatus. It soon 
became evident that hantaviruses other than Sin 
Nombre were probably responsible for this disor¬ 
der as well. 40,41 As of 1997, more than 150 domestic 
cases of HPS had been identified, and it became 
clear that several different hantaviruses could cause 
the syndrome. With expansion of surveillance to 
other parts of the Western hemisphere and applica¬ 
tion of newer molecular diagnostic technologies, 
numerous related but clearly distinct agents have 
been identified throughout North, Central, and 
South America. 28,29,41,42 Some viruses (eg. Sin 
Nombre, Andes, Laguna Negra, Black Creek Canal, 
Bayou, Monongahela, Juquitiba, New York-1) have 
been associated with acute, symptomatic human 
disease. Other viruses (eg. Prospect Hill, Muleshoe, 
Cano Delgatido, El Moro Canyon, Rio Segundo, Rio 
Mamore) have been found only in rodents. With 
increasing awareness, it is highly likely that addi¬ 
tional hantaviruses indigenous to the Americas will 
be identified. 

Incidence 

Numerically, HFRS is the most important of the 
viral hemorrhagic fevers, with tens to hundreds of 
thousands of cases occurring annually across en¬ 


demic areas. HFRS is recognized year-round, but 
the highest incidences coincide with periods of 
maximal rodent activity: late autumn and early 
winter (with a smaller peak in the spring) in Asia 
and central Europe; late summer and early fall in 
colder areas of western Europe (eg, Scandinavia); 
and spring in warmer parts of Europe (eg, France, 
Belgium). 33,43 

Pathogenesis and Clinical Findings 

The basic pathological abnormality in human 
hantaviral infection is vascular endothelial damage, 
probably due to both direct (cytopathic) and indirect 
(immunopathologic) virus effects. While pathologi¬ 
cal changes are found in virtually all organ systems, 
a characteristic triad of lesions is associated with 
fatal, classic HFRS: hemorrhagic necrosis of the re¬ 
nal medulla, anterior pituitary gland, and cardiac 
right atrium. 

Classic HFRS seen in the Far East is a complex, 
multiphasic disorder that poses significant chal¬ 
lenges in clinical management 21 (Table 36-1). While 
HFRS may present as a fulminant, rapidly progres¬ 
sive and fatal hemorrhagic fever, most cases (70% 
to 80%) are more benign. Asymptomatic infections 
occur but are probably uncommon. After an incu¬ 
bation period of 2 to 3 weeks (range: 4 to 42 days), 
onset of illness is usually abrupt and nonspecific, 
with fever, myalgia, headache, and anorexia most 
frequently reported. Severe abdominal or lower 
back pain, facial flushing, periorbital edema, and 
injection of the conjunctivae, together with axillary 
and palatal petechiae, are typical early disease fea¬ 
tures. As the clinical course evolves, hypotension 
(which may be severe) and oliguria or anuria are 
seen. With recovery of renal function, massive di¬ 
uresis occurs. Convalescence is prolonged. Com¬ 
plete recovery often takes months. Leukocytosis, 
thrombocytopenia, and massive proteinuria are 
characteristic laboratory features during the acute 
stages of disease, while anemia and hyposthenuria 
are generally seen during convalescence. Similar 
clinical features, though of lesser severity, are seen 
in most western European HFRS (nephropathia 
epidemica-like) patients. Mortality in Hantaan or 
Dobrava/Belgrade infections may approach 15% or 
more, while deaths due to Puumala virus are un¬ 
common. Severe and occasionally fatal cases of 
HFRS among animal handlers and scientists have 
been caused by Seoul virus transmitted from colo¬ 
nized laboratory rats with inapparent infections, 44 
and Seoul virus has been epidemiologically linked 
to chronic renal disease in some areas. 45 
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TABLE 36-1 

FAR EASTERN HEMORRHAGIC FEVER WITH RENAL SYNDROME: TYPICAL CLINICAL AND 
LABORATORY CHARACTERISTICS 


Stage 

Duration 

Prominent Clinical Features 

Laboratory Findings 

Febrile 

3-7 d 

Fever, malaise, headache, myalgia, back 
pain, abdominal pain, nausea, vomiting, 
facial flush, petechiae (face, neck, trunk), 
conjunctival hemorrhage 

WBC: normal or elevated 

Platelets: decreasing 

Hematocrit: rising 

Urine: proteinuria 1+ to 3+ 

Hypotensive 

2 h-3 d 

Nausea, vomiting, tachycardia, hypo¬ 
tension, shock, visual blurring, 
hemorrhagic signs, ±oliguria (late) 

WBC: increasing with left shift 
Platelets: markedly decreasing 

Bleeding time: increasing, prothrombin 
time may be prolonged 

Hematocrit: markedly increasing 

Urine: proteinuria 4+ 
hematuria 1+ 
hyposthenuria 

BUN and creatinine rising rapidly 

Oliguric 

3-7 d 

Oliguria ± anuria, blood pressure may 
rise,nausea and vomiting may persist, 
1/3 withsevere hemorrhage (epistaxis, 
cutaneous, gastrointestinal, genitor- 
urinary, central nervous system) 

WBC: normalizes 

Platelets: normalize 

Hematocrit: normalizes then falls 
Urine: proteinuria 4+ 

hematuria 1+ to 4+ 

BUN and creatinine: markedly increasing 
Na + , Ca ++ : falling; K + rising 

Diuretic 

Days to weeks 

Polyuria (up to 3-6 L/d) 

BUN and creatinine: normalize 
electrolytes: may be abnormal (diuresis) 
Urine: normalizes 

Convalescent 

Weeks to months 

Strength and function regained slowly 

Anemia and hyposthenuria may persist 
for months 


NOTE: All phases may not be present in a given patient; phases may "blend" in some individuals 
WBC: white blood count, BUN: blood urea nitrogen 

Reprinted with permission from Military Medicine, the official journal of the Association of Military Surgeons of the United States 
(AMSUS): McKee, KT Jr, MacDonald C, LeDuc JW, Peters CJ. Hemorrhagic fever with renal syndrome—a clinical perspective. Mil 
Med. 1985;150:640-647. 


In contrast to disease caused by hantaviruses across 
Eurasia, the clinical features of American hantavirus 
infections center primarily on the cardiorespiratory 
systems 46 (Table 36-2). HPS is a serious disease with 
high mortality. After a 3- to 6-day prodromal pe¬ 
riod of fever, myalgia, and often gastrointestinal 
symptoms, dyspnea, cough, and hypotension ap¬ 
pear and progress rapidly; patients may be in ex¬ 
tremis within hours. Renal abnormalities tend to be 
relatively insignificant. Progressive hypoxemia and 
pulmonary edema, followed by cardiac arrhythmias 
and intractable hypotension, challenge survival. 
Fatality rates approach 50% of cases reported to 
date, with most deaths occurring within 24 hours 
of onset of pulmonary decline. 46,47 Among survivors, 
recovery from acute illness may be rapid, with nor¬ 
malization of most clinical and laboratory param¬ 


eters. However, lassitude and weakness continue for 
weeks to months, and pulmonary function abnor¬ 
malities may persist in some patients. 48 Leukocyto¬ 
sis and thrombocytopenia are common laboratory 
findings, as is mild proteinuria. Atypical lympho¬ 
cytes frequently can be found on peripheral blood 
smears. 

Diagnostic Approaches 

A high index of suspicion is critical to diagnos¬ 
ing hantavirus infections. Any patient presenting 
in or returning from a hantavirus-endemic area with 
fever of abrupt onset, headache, gastrointestinal 
symptoms, respiratory distress, lower back or ab¬ 
dominal pain, or any combination of these symp¬ 
toms should be evaluated for possible HFRS or HPS. 
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TABLE 36-2 

HANTAVIRUS PULMONARY SYNDROME: TYPICAL CLINICAL AND LABORATORY FEATURES 


Stage 

Duration 

Prominent Clinical Features 

Laboratory Features 

Prodrome 

3-7 d 

Fever, myalgia (especially back, lower 
extremities), nausea, vomiting, diarrhea, 
abdominal pain; occasional headache, 
dizziness 

WBC: normal or rising 

Platelets: normal or falling 
Hematocrit: normal or rising 

Cardiopulmonary 

3-16 d 

Fever, dyspnea, cough, tachypnea, 
tachycardia, rapidly progressive 
respiratory failure, hypotension; 
cardiogenic/hypotensive shock, cardiac 
arrhythmias 

WBC: rising with left shift and 
atypical lymphocytes 
Platelets: falling 

Hematocrit: rising 

PTT: rising 

Mild proteinuria 

Metabolic acidosis 

Convalescent 

Weeks to months 

Rapid normalization of cardio-respiratory 
function, diuresis; strength and function 
regained slowly 

Normalization of most parameters, 
pulmonary function abnormal¬ 
ities may persist 


WBC: white blood count, PTT: partial thromboplastin time 


An elevated white blood cell count, low platelet 
count, or proteinuria in this setting should precipi¬ 
tate serological testing for hantavirus infection. The 
differential diagnosis of HFRS includes rickettsiosis, 
leptospirosis, meningococcemia, leukemia, hemolytic- 
uremic syndrome, other viral infections, and 
poststreptococcal syndromes. HPS can be confused 
with pneumonic plague; legionellosis; psittacosis; 
other pneumonic processes of viral, bacterial, or 
fungal origin; autoimmune disorders, such as 
thrombotic thrombocytopenic purpura; or pancre¬ 
atitis accompanied by adult respiratory distress 
syndrome. Diagnosis is established either by 
demonstrating hantavirus-specific IgM antibodies in 
acute serum using enzyme immunoassay or by a 4- 
fold or greater rise in IgG antibodies using enzyme 
immunoassay or immunofluorescence. 49 Viral anti¬ 
gens or nucleic acid sequences can be detected in 
tissue samples by immunohistochemical or mo¬ 
lecular amplification techniques. 50 Recovery of hanta¬ 
viruses from clinical specimens is typically difficult 
and efforts to cultivate those agents from body fluids 
are generally unrewarding. 

Recommendations for Therapy and Control 

Bed rest and early hospitalization in an intensive 
care environment are critical to successful treatment 
of hantavirus-infected patients. With HFRS, evacua¬ 
tion from outlying areas should be as atraumatic as 
possible, to avoid damage to an already compromised 


microvascular bed. Where facilities exist, patients 
should be hospitalized locally (ie, "in-country"). Aero- 
medical evacuation, particularly over long distances 
and at altitude, should be avoided. Patient isolation 
is not required. Wide fluctuations in fluid status and 
the attendant biochemical disturbances are important 
considerations in patient care and require careful at¬ 
tention. Peritoneal dialysis or hemodialysis is often 
required in managing metabolic complications. 

In HPS, adequate oxygenation and tissue perfusion 
are the goals of treatment; therefore, mechanical 
ventilation and use of pressor agents are important 
adjuncts to general supportive care. Respiratory 
management should be provided in an intensive 
care setting. Fluids must be meticulously managed 
to avoid overhydration and exacerbation of pulmo¬ 
nary edema. As with HFRS, transfer should be 
avoided if possible; if the patient must be moved, 
hypoxia and trauma to the fragile vascular beds 
should be minimized. Isolation of patients with HPS 
is generally considered unnecessary. In the United 
States, person-to-person transmission has not been 
seen, but a single report has suggested interpersonal 
spread during an outbreak in Argentina. 51 Hanta¬ 
viruses are sensitive in vitro to the antiviral drug 
ribavirin. This drug has been shown to reduce mor¬ 
bidity and mortality in Chinese HFRS patients 52 ; 
however, its utility has not been proven elsewhere. 
In the case of HPS, ribavirin appeared to be ineffec¬ 
tive in reducing mortality in an open-label trial. 47 
Experience to date is therefore insufficient to rec- 
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EXHIBIT 36-1 

MEASURES TO MINIMIZE EXPOSURE TO RODENTS IN HANTAVIRUS-ENDEMIC AREAS 


• Store human and animal food under rodent-proof conditions 

• Burn or bury garbage or discard it in rodent-proof containers 

• Inspect vacant cabins or other enclosed shelters (to include seasonal latrines) for evidence of rodent 
infestation before use; do not use such structures until appropriately cleaned and disinfected; regularly 
inspect occupied buildings for evidence of rodent activity 

• Disinfect rodent-contaminated areas by spraying a disinfectant, such as dilute bleach, before cleaning 

• Avoid inhalation of dust by wearing approved respirators when cleaning previously unoccupied areas*; 
mist these areas with water before sweeping or mopping 

• Remove dead rodents promptly from the area; wear disposable gloves or plastic bags over the hands 
when handling dead rodents; place all dead rodents into a plastic bag (preferably a bag containing 
sufficient disinfectant to wet the carcass) before disposal 

• Never attempt to feed, handle, or keep wild or stray animals as pets or mascots 

• Do not pitch tents or place sleeping bags near potential rodent shelters (eg, burrows, garbage dumps, 
woodpiles) 

• Sleep above the ground on cots if feasible 

• Use bottled water or water from approved sources for drinking, cooking, washing dishes, and brushing 
teeth 

• Launder or dry clean rodent-contaminated clothing and bedding, using rubber or plastic gloves when 
handling contaminated materials 

• Be on the lookout for rodents and their burrows or nests and avoid contact; be aware that exposures may 
not seem significant in all cases 

If clear evidence of infestation is present, HEPA-filtered respirators, goggles, solvent-resistant gloves, coveralls, and boots 

should be worn while cleaning. 

HEPA: high efficiency particulate air 


ommend its unqualified use in HPS. 

Elimination or significant reduction of reservoir 
rodent populations in the field setting is logistically 
impossible. Exposure to rodent-contaminated 
brush, dusts, or fomites constitutes a theoretical 
infection risk to humans, but these have not been 
documented as routes of hantavirus transmission. 
General avoidance of rodents, together with their 
burrows and nesting areas, is useful advice in all 


Introduction and Military Relevance 

Owing to its widespread distribution, soil reser¬ 
voir, and association with suboptimal food prepa¬ 
ration and inadequate personal sanitation practices, 
toxoplasmosis has particular relevance for service 
members deployed in the field and the military 
physicians who support them. Reports have docu¬ 
mented toxoplasmosis outbreaks among deployed 
US Army troops. 54 Toxoplasma gondii, the etiologic 
agent of toxoplasmosis, was first described in 1908 
by Nicolle and Marceaux, 55 with the first case of 


endemic areas. Additional measures to control ex¬ 
posure to rodents and their habitats should also be 
undertaken 53 (Exhibit 36-1). 

Hantavirus vaccines produced outside the 
United States are in use in some endemic areas, but 
these products are of unproven utility. A candidate 
vaccinia-vectored recombinant immunogen devel¬ 
oped by the US Army is under study. 

[Kelly T McKee, Jr.] 


human disease described 15 years later. 56 The or¬ 
ganism is a ubiquitous parasite with a worldwide 
distribution. While infection of humans is common, 
most primary infections in immunocompetent in¬ 
dividuals are relatively asymptomatic. Greater 
morbidity and mortality is instead associated with 
toxoplasmosis affecting immunocompromised 
patients, especially those with HIV infection, and 
congenitally infected neonates. 57p500 “ 503 T gondii is 
associated with three major syndromes: lymphad- 
enopathy (usually in immunocompetent hosts), op¬ 
portunistic infections in immunocompromised 
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hosts, and congenital disease associated with an 
acute maternal infection. 58 In addition, ocular toxo¬ 
plasmosis may occur either as a result of an acute 
infection or a reactivation of a congenital infection. 59 

Description of the Pathogen 

Initially discovered in 1908 in a northern Afri¬ 
can rodent, the gondi. Toxoplasma gondii has been 
subsequently found in an unusually wide array of 
animals. 60 It is a crescentic-appearing, obligate in¬ 
tracellular coccidian parasite that can multiply in 
virtually any cell of its vertebrate hosts. 61 Felines 
serve as the definitive host, and many other ani¬ 
mals function as intermediate hosts. 62 While only 
one species has been identified, strain variation 
based on differences in virulence has been charac¬ 
terized. 63 Three distinct life forms have been de¬ 
scribed: oocyst, tachyzoite, and tissue cyst. 

Oocysts 

Oocysts are the infective form shed by infected 
cats in their feces. After release, the oocysts require 
a maturation step, known as sporulation, to become 
infective. The time to completion of sporulation 
may vary widely and depends on the ambient tem¬ 
perature (2 to 3 days at 24°C; 14 to 21 days at 11 °C). 
Sporulation will not occur at temperatures less than 
4°C or greater than 37°C. Oocysts may remain vi¬ 
able in moist soil for as long as 18 months, leading 
to an additional environmental reservoir that may 
prove difficult to eradicate. 64,65 Oocysts are gener¬ 
ally shed for 1 to 3 weeks by primarily infected cats; 
prolonged shedding may be associated with feline 
immune system defects. 66,67 Oocyst shedding usu¬ 
ally occurs only once in an infected cat's lifetime; 
however, it may occasionally recur with repeated 
Toxoplasma exposure or infection with the coccid¬ 
ian protozan Isospora felis. 61,68 At peak release, an 
infected cat may shed 20 million oocysts in its feces 
per day. 67 

Tachyzoites 

Tachyzoites represent the rapidly dividing 
asexual invasive form found in an acute Toxoplasma 
infection. These rapidly dividing organisms, best 
seen with a Wright-Giemsa stain (Figure 36-4) can 
infect virtually all mammalian cells except non- 
nucleated erythrocytes. 69 Spread of tachyzoites into 
the bloodstream accounts for the disseminated na¬ 
ture of Toxoplasma infections. Tissue invasion leads 
to expanding focal lesions. 62 The tachyzoite form 
of Toxoplasma is susceptible to desiccation, freezing 
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Fig. 36-4. Tachyzoites of Toxoplasma gondii from cere¬ 
brospinal fluid stained with Wright-Giemsa and photo¬ 
graphed at xl,200. 

Photograph: Courtesy of Lieutenant Colonel Kent Kester, 
Walter Reed Army Institute of Research. 

followed by thawing, and gastric acid. 69 Unpasteur¬ 
ized milk from infected goats and cattle has been 
found to harbor viable tachyzoites. 57 

Tissue Cysts 

Tissue cysts are the end result of all T gondii in¬ 
fections; these are collections of dormant organisms, 
termed bradyzoites, formed by tachyzoite dissemi¬ 
nation (Figure 36-5). They serve as a tissue reser¬ 
voir for recurrent infection. 60 Bradyzoites tend to 
reactivate in the context of immune impairment, cre- 



Fig. 36-5. A toxoplasmic cyst in skeletal muscle, stained 
with hematoxylin-eosin an photographed at xl,200. 
Photograph: Courtesy of the Armed Forces Institute of 
Pathology. AFIP negative 73-7677. 
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ating a significant hazard in immunocompromised 
hosts. Cysts may form in any tissue, but they are 
commonly localized in the cardiac and skeletal 
muscle and the brain, possibly because of subopti- 
mal immune surveillance in those sites. 61 Encysted 
organisms persist for the life of the host. 66,70 

The Toxoplasma life cycle splits into an exoenteric 
cycle and an enteric cycle. The exoenteric cycle oc¬ 
curs in most warm-blooded mammals. Tachyzoites 
invade macrophages and divide within vacuoles. 
Later, cellular rupture occurs, and the released or¬ 
ganisms proceed to infect adjacent cells. Some of 
these successive infections may lead to the forma¬ 
tion of tissue cysts. In the enteric cycle, which oc¬ 
curs only in felines, the liberated parasites enter the 
cells of the small intestine and develop; released 
merozoites subsequently infect adjacent cells. As the 
cycle is repeated, gametogenesis occurs. Fusion of 
two gametes leads to the formation of a zygote, 
which then becomes an oocyst. 61 

Epidemiology 

Transmission 

Infection occurs predominantly via the ingestion 
of either viable oocysts or tissue cysts. Consuming 
oocysts is related to contamination of the food or 
drink with feces from infected cats. Consuming vi¬ 
able tissue cysts is due to a lack of proper food 
preparation, often in raw or undercooked meat. 60 

While the seropositivity rate of domestic cats 
ranges between 30% and 80%, pet cats are probably 
not the direct source of human infection. They tend 
to be fastidious animals, rarely having fecal mate¬ 
rial present on their coats long enough for oocysts 
to sporulate. 67 Transmission from pet cats is more 
likely from careless handling of litter box contents 
by their owners. Other members of the family Fel¬ 
idae, such as ocelots and jaguarundis, have also 
been shown to pass viable Toxoplasma oocysts in 
their feces. 71 Thus, wild felines probably also play 
a role in transmission of toxoplasmosis. 54 Infected 
domestic and wild animals, including cattle, pigs, 
dogs, horses, and rodents, may serve as intermedi¬ 
ate hosts and carry viable cysts in their tissues for 
long periods of time. 70 

Contamination of foodstuffs by cat feces may 
lead to the presence of infectious oocysts. Addition¬ 
ally, cat feces may contaminate other items, such as 
soil and drinking water. Ingestion of any of these 
items may lead to infection with Toxoplasma. It has 
been estimated that the simple act of handling soil 
contaminated with feces from infected cats may lead 
to the deposition of 10 to 100 oocysts under the fin¬ 


gernails. Suboptimal personal hygiene may lead to 
the transfer of the oocysts into the mouth, leading 
to the development of a primary infection. Various 
coprophagic insects, including filth flies, cock¬ 
roaches, and dung beetles, may also serve as trans¬ 
fer agents for infectious oocysts. 60 

Ingestion of viable tissue cysts may be the more 
common method of infection in the Western world. 
The large number of bradyzoites found within a 
tissue cyst makes the probability of infection fol¬ 
lowing cyst ingestion quite high. 60 This mode of in¬ 
fection, which results from the consumption of raw 
or undercooked meat that contains tissue cysts, 
likely contributes to the very high Toxoplasma 
seropreva-lences in countries such as France, where 
less emphasis is placed on thorough cooking of 
meat. Conversely, the seroprevalence rate in Great 
Britain, where meat is more likely to be cooked thor¬ 
oughly, is much lower. 66 

Infection can also be passed from an infected 
woman to her fetus. Congenital toxoplasmosis oc¬ 
curs as a direct consequence of acute maternal in¬ 
fection during pregnancy. Laboratory accidents 
have been reported as a cause of acute Toxoplasma 
transmission. 69 Occasionally, organ transplants from 
seropositive donors are compromised by Toxoplasma 
reactivation in the transplant recipient, often with 
devastating circumstances. 61,70 Rarely, blood trans¬ 
fusions may serve as a means of transmission, es¬ 
pecially if circulating tachyzoites are present. 
Tachyzoites may survive up to 60 days in citrated 
blood. 69 

Geographic Distribution 

Both animals and humans on five continents 
have serologic evidence of Toxoplasma infection. 72 
Higher prevalence is present in areas with warm 
and humid climates, such as Haiti, Tahiti, or the 
lowlands of Guatemala, where nearly all people are 
seropositive. 72,73 This is presumably related to 
greater oocyst survival in the warm, moist soil char¬ 
acteristic of these areas. 64,65 In addition, areas with 
higher cat populations also have higher prevalence 
rates. Dryer and colder environments are associated 
with lower rates of seroprevalence because oocysts 
are less likely to survive. 72 Specific area variations 
are often due to changes in weather and animal 
populations. 

Incidence 

Approximately 500,000,000 persons worldwide 
are estimated to be seropositive for Toxoplasma an¬ 
tibodies. 66 Overall, serosurveys suggest that 30% to 
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40% of the US population is seropositive for Toxo¬ 
plasma by age 50. The majority of these have no 
symptoms and never come to medical attention. 69 
Regional differences in seropositivity have been 
described, with the highest levels found in the 
southeastern United States; seroprevalence rates are 
much lower in the western and northwestern por¬ 
tions of the country. Interestingly, an assessment of 
seroprevalence data of military recruits showed a 
significant decrease in overall seropositivity rates 
as compared with similar, older studies; this is pos¬ 
sibly related to a decline in the presence of viable T 
gondii cysts in meat products. 74,75 Toxoplasma anti¬ 
body prevalence rates vary as much in animals as 
in humans. 73,76 

The incidence of congenital toxoplasmosis var¬ 
ies in the United States, occurring in between 1/ 
1,000 and 1 / 8,000 live births, leading to 500 to 4,100 
congenitally infected infants born each year. 
Seroprevalence among US women ranges from 3.3% 
to 30%. 77 

Pathogenesis and Clinical Findings 

There are two major patterns of toxoplasmosis 
in humans: postnatally acquired toxoplasmosis and 
congenital infection. While both are characterized 
by dissemination of Toxoplasma organisms through¬ 
out the body, the manifestations and complications 
of these two disease variants are quite distinct. Since 
most human infection with T gondii is asymptom¬ 
atic, it is important to make a clear distinction be¬ 
tween infection and disease. The clinical disease of 
toxoplasmosis may occur at any time during or af¬ 
ter parasitemia. 58 

Infection of Postnatal Hosts 

In contrast to the congenital form, toxoplasmo¬ 
sis acquired after birth is characterized by a much 
different course. Most cases remain asymptomatic. 
The most common clinical manifestation of acquired 
toxoplasmosis in children and young adults is 
lymphadenopathy involving single or multiple 
nodes 58,61 (Figure 36-6). Incubation periods are vari¬ 
able and are likely influenced by the number of vi¬ 
able organisms ingested. The affected nodes are 
usually in the 1- to 2-cm range and, while tender to 
the touch, are usually not intrinsically painful. Node 
suppuration is not a typical finding. Most patients 
with symptomatic acquired toxoplasmosis present 
with a syndrome, typified by malaise and fever, 
similar to that seen in infectious mononucleosis. 58 
Other manifestations, such as encephalitis, myo¬ 
carditis, pericarditis, hepatitis, pneumonitis, and 



Fig. 36-6. This photograph shows a node in a US soldier 
who was deployed to the Jungle Operations Training 
Center in Panama from Fort Bragg, NC, in 1981. 
Photograph: Courtesy of Colonel Ernest T. Takafuji, 
Medical Corps, US Army. 


macular papular rash are much less common in 
immunocompetent individuals. 78 While clinical in¬ 
volvement of the heart, brain, lungs, and liver is 
rare during an acute acquired infection, T gondii can 
disseminate to these and other organs and may 
cause clinical disease. 79 

Patients may have localized lymphadenopathy 
and an elevated number of atypical lymphocytes 
in their peripheral blood smear; 10% to 20% may 
have peripheral eosinophilia. 78 A minority of patients 
have an elevated erythrocyte sedimentation rate. 79 
Hepatomegaly and splenomegaly have been de¬ 
scribed. 78 Heterophile antibodies are negative and 
hepatic transaminases are usually normal, but severe 
hepatitis has been reported.' 9 Occasionally, the lym¬ 
phadenopathy may involve retroperitoneal, mesen¬ 
teric, and mediastinal nodes. 78 During the course 
of the illness, symptoms and lymphadenopathy 
may fluctuate. Resolution occurs in most patients 
after a few months. 58 It has been estimated that as 
much as 15% of unexplained lymphadenopathy in 
normal hosts may be caused by toxoplasmosis. 80 
Failure to consider toxoplasmosis as a cause of lym¬ 
phadenopathy may lead to unnecessary lymph node 
biopsies. McCabe 77 assessed 107 cases of histologically 
confirmed toxoplasmosis with lymphadenopathy. 
The majority presented with a solitary node in the 
head or neck area without other symptoms, but 
nearly one third had significant malaise. The over¬ 
all clinical course of these patients was typically 
benign. Some patients, however, did have serious 
extranodal disease, including myocarditis, pneu¬ 
monitis, encephalitis, and fetal transmission. Both 
brief and prolonged illnesses were described. 
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Retinochoroiditis may also be seen in immunocom¬ 
petent adolescents and adults and may be either a 
late sequela of congenital infection or a manifestation 
of acute infection. 58,59,76 

Reactivation of latent Toxoplasma in immuno¬ 
compromised patients, including those infected 
with human immunodeficiency virus, is often as¬ 
sociated with serious illness, typically encephali¬ 
tis. Toxoplasma encephalitis in patients with acquired 
immunodeficiency syndrome remains a significant 
cause of morbidity and mortality in those infected 
with human immunodeficiency virus. 67 

Congenital Toxoplasmosis 

Congenital toxoplasmosis results from an acute 
Toxoplasma infection of a pregnant woman. Nearly 
50% of fetuses exposed become infected. Of these, 
between 10% and 20% have clinical symptoms of 
infection at birth and the remainder appear nor¬ 
mal. 77 The classical triad of congenital toxoplasmo¬ 
sis consists of retinochoroiditis, hydrocephalus, and 
intracranial calcifications. 60,81 While the symptoms 
are often mild, severely affected infants may bear 
evidence of generalized or central nervous system 
infection. Other clinical findings of infected infants 
may include prematurity, intutero growth retarda¬ 
tion, hepatosplenomegaly, jaundice, vasculitis, vas¬ 
cular thrombosis, seizures, and microcephaly. 60,77,81 

Diagnostic Approaches 

While the definitive method for the diagnosis of 
an active Toxoplasma infection is mouse inoculation, 
it is normally only found in research laboratories. 
Serologic tests are the primary means of diagnosis 
for Toxoplasma infections elsewhere. 80 The gold stan¬ 
dard serological test has been the Sabin-Feldman 
dye test (DT). 82 This assay, which measures specific 
IgG directed against T gondii, is not always readily 
available because it requires live parasites. The IgG 
immunofluorescent assay (IFA) is generally in 
agreement with the DT. Unfortunately, neither the 
DT or the IFA is very specific for acute infection. 
IgG is detectable approximately 2 weeks after the 
onset of infection and peaks within 1 to 2 months. 
High titers may persist for months in some pa¬ 
tients. 80 IgM antibodies, as determined by IFA, usu¬ 
ally appear during the first week of infection and 
peak within a month. IgM titers often return to un¬ 
detectable levels within a few months of the initial 
infection. Sulzer 83 examined the immune responses 
of 32 individuals who became acutely infected with 
Toxoplasma during military jungle training in 
Panama. Rapid rises of both IgM and IgG antibod¬ 


ies occurred within 2 weeks of infection. Interest¬ 
ingly, IgM did not precede IgG in any of the sub¬ 
jects. Many of the patients had persistently elevated 
IgM levels for 6 months to 1 year. A newer double 
sandwich IgM enzyme-linked immunosorbent as¬ 
say (DS-IgM-ELISA) appears to be even more sen¬ 
sitive and specific for acute Toxoplasma infection and 
can be performed in about 2 hours. 84,85 All other 
available Toxoplasma antibody tests are associated with 
chronic infection and are not useful for the diagno¬ 
sis of acute infection. 58 Newborns from mothers who 
are antibody positive have passively transferred 
maternal IgG. Demonstration of IgM antibodies in 
the neonate's circulation is thought to provide a 
more accurate indication of infection in the new¬ 
born because IgM does not cross the placenta. 81 

The diagnostic approach for a patient who may 
have acute toxoplasmosis with lymphadenopathy 
would include obtaining an IgM IFA or a DS-IgM- 
ELISA or both. A positive result on either test sug¬ 
gests an acute infection occurring within the past 3 
to 4 months. 86 If negative, however, these tests do 
not rule out an acute infection, although a negative 
DS-IgM-ELISA greatly decreases the chance of an 
acute Toxoplasma infection being present. 87 A nega¬ 
tive IgG IFA virtually excludes an acute infection. 79 
High levels of specific IgG may block the IgM as¬ 
says, giving a false-negative result. Removal of IgG 
from the sample may yield a more reliable IgM de¬ 
termination. 88 A 4-fold rise in IgG level by IFA over 
a 3-week period also provides supportive evidence 
of an acute infection. 83 Using the polymerase chain 
reaction, it may be possible to identify those patients 
with active toxoplasmosis who have equivocal or 
negative serologic tests. 87,88 While not yet standard¬ 
ized, polymerase chain reaction-based identifica¬ 
tion offers the possibility of very specific diagnosis 
based on the detection of circulating Toxoplasma 
DNA. Unfortunately, assays for Toxoplasma serology 
are not generally found in forward-deployed medi¬ 
cal units. Thus, the issue of screening febrile mili¬ 
tary personnel for toxoplasmosis, especially in 
tropical areas, remains problematic. 

Recommendations for Therapy and Control 

Therapy 

Therapy for toxoplasmosis varies with the type 
of infection present. Immunocompetent patients 
with acute acquired toxoplasmosis probably do not 
require any therapy unless their symptoms are par¬ 
ticularly severe or persistent. 61 Immunodeficient 
patients with acute toxoplasmosis require longer 
courses of therapy, while acquired immunodefi- 
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ciency syndrome patients with encephalitis require 
lifelong suppressive therapy. Immediate treatment 
of acute maternal infections in pregnant women 
may decrease the chance of fetal infection. Although 
treatment will not reverse tissue damage, congeni¬ 
tally infected infants probably benefit from 
therapy. 58 Active retinochoroiditis should be treated 
to prevent vision loss. Minimally symptomatic or 
asymptomatic patients do not require therapy. 69 

The most effective regimen for therapy of toxo¬ 
plasmosis consists of the synergistic combination 
of pyrimethamine and sulfadiazine. 69 This combi¬ 
nation exerts a growth-inhibiting effect rather than 
a parasiticidal effect on proliferating Toxoplasma 
tachyzoites. 61 Unfortunately, the cyst form of the 
organism is resistant to this therapy and persists in 
tissues. Substitution of the antibiotic clindamycin 
for sulfadiazine appears not to affect efficacy and 
toxicity, although the specific effect of clindamycin 
on Toxoplasma is unclear. 89,90 Both regimens appear 
to reduce symptoms in acute acquired disease. For 
immunocompetent patients with acute toxoplasmo¬ 
sis, pyrimethamine is first given as a loading dose 
of 200 mg in two divided doses. Follow-on therapy 
is given at a dose of 25 to 50 mg/day for 2 to 4 ad¬ 
ditional weeks. 69 Since pyrimethamine is a folic acid 
antagonist, hematologic toxicity is commonly seen 
as a dose-related myelosuppression. Twice weekly 
blood counts during therapy will help to identify 
those patients at risk of significant myelotoxicity. 
Addition of folinic acid (5 to 10 mg with py¬ 
rimethamine) will help to prevent or ameliorate the 
myelosuppression. 61 Sulfadiazine is given along 
with pyrimethamine, first as a loading dose of 75 
mg /kg up to a dose of 4 g, then as 1 to 1.5 g every 6 
hours. 69 Maintenance of good urine output is essen¬ 
tial to prevent crystalluria and oliguria. Clindamycin 
is given at a dose of 600 mg every 6 hours, either 
orally or intravenously. 61 

Control 

The most important goal in the prevention of toxo¬ 
plasmosis is the protection of seronegative pregnant 
women and patients with immunodeficiencies. 69 
These two groups, however, are not usually associ¬ 
ated with military deployments. Thus, without an 
effective vaccine, toxoplasmosis prevention for the 
military revolves around the prevention of acute 
infection in immunocompetent individuals, most of 
whom will not become symptomatic even after in¬ 
fection. Prevention of infection will help them in 
the future should they ever become immunocom¬ 
promised. To date, no immunization scheme di¬ 


rected against Toxoplasma has proved effective. 61 

The major goal in controlling the spread of toxo¬ 
plasmosis is the reduction in the number of poten¬ 
tially infectious organisms present. Full cooking of 
all meat products will effectively prevent transmis¬ 
sion from viable tissue cysts. While freezing meat 
can reduce the infectivity of tissue cysts, it does not 
completely eliminate the risk of infection. 57 Indi¬ 
viduals should also avoid raw eggs and unpasteur¬ 
ized dairy products, especially goat's milk. 61 
Bradyzoites within tissue cysts are killed by irra¬ 
diation of at least 25 rads, temperatures higher than 
61 °C for at least 4 minutes, or freezing at -20°C for 
24 hours followed by thawing. 69 Salting, pickling, 
and curing of meat also kills tissue cysts. 66 

Ideally, cats should be maintained only as indoor 
pets to prevent them from acquiring Toxoplasma 
from the environment. In addition, cats should not 
be fed raw meat, because they may acquire an acute 
infection from the ingestion of viable tissue cysts. 60 
Cat feces should be disposed of daily to prevent 
sporulation of oocysts. Wastes may be buried, 
burned, or flushed into a waste collection system 
that has no communication with the drinking wa¬ 
ter system. Gloves should be worn whenever han¬ 
dling containers bearing cat wastes. Care should be 
taken to prevent aerosolization of cat wastes via 
shaking. Pregnant women should not clean cat lit¬ 
ter containers, and they should wear gloves during 
any encounter with soil (eg, gardening). Strict 
handwashing before eating should be mandated. 
Similarly, hand washing is important for all who 
handle raw meats or soil. Stray cats should be re¬ 
moved from sand-containing structures to prevent 
their depositing oocyst-containing feces. Open 
sandboxes or sand piles should be covered when 
not in use so as not to attract cats. Since agricul¬ 
tural produce may be contaminated with oocysts, 
it is important that all such items be thoroughly 
washed with clean water. 57 Additionally, local 
drinking water supplies may also be contaminated 
with infectious oocysts. 87 Benenson and colleagues 54 
reported an outbreak of acute toxoplasmosis in 39 
US soldiers associated with the ingestion of oocyst- 
contaminated drinking water in the Panamanian 
jungle. Effective source protection and water puri¬ 
fication schemes need to be in place to prevent this 
type of contamination. Vector control should focus 
on control of potential transfer vectors, such as flies 
and cockroaches. 61 Stray cats should be eliminated 
from encampment sites. There is no need for isola¬ 
tion of patients presenting with acute symptomatic 
toxoplasmosis, since person-to-person spread is not 
a part of the parasite's normal life cycle. 57 
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Primitive sanitary conditions associated with a 
mass deployment increase the risk of acquiring 
toxoplasmosis. Proper personal hygiene, food 
preparation, and water supplies should effectively 
prevent most Toxoplasma infections from occurring. 


Consideration of toxoplasmosis in the differential 
diagnosis of lymphadenopathy syndromes may 
obviate the need for immediate patient evacuation 
for lymph node biopsy. 

[Kent E. Kester] 


Q FEVER 


Introduction and Military Relevance 

Q Fever is a zoonotic disease caused by Coxiella 
burnetii, a rickettsia-like organism of low virulence 
but remarkable infectivity. There is a sporelike form 
of the organism that is extremely resistant to heat, 
pressure, and desiccation, allowing it to induce infec¬ 
tion by airborne dissemination at sites miles distant 
from an infected source. The sporelike form may 
also persist in the environment for weeks or months 
under harsh conditions and subsequently cause in¬ 
fection after indirect exposure. The acute clinical 
disease associated with Q fever infection in humans 
is usually benign but temporarily incapacitating. 

Since description of the disease in Australia in 
1937, thousands of cases involving military person¬ 
nel of many countries have been reported. 91 Many 
US soldiers in Italy during World War II were af¬ 
fected, with five confirmed outbreaks. 92-95 In one of 
these outbreaks, approximately 1,700 cases occurred 
at an airbase in southern Italy as a result of sheep 
and goats herded in pastures nearby. 94 

Hundreds of cases of atypical pneumonia con¬ 
sistent with Q fever were also observed during 
World War II in German soldiers in Serbia, south¬ 
ern Yugoslavia, Italy, Crimea, Greece, Ukraine, and 
Corsica, 91 usually in the apparent absence of dis¬ 
ease in the indigenous population. 

Q fever has been identified even in service mem¬ 
bers stationed or training in their home countries 
close to sheep or goats, particularly parturient ani¬ 
mals 91 ; outbreaks have been described among Swiss 
soldiers, Greek soldiers, and British airmen on the 
Isle of Man. Outbreaks have also been described in 
deployed British and Swedish troops stationed in 
Cyprus, US airmen in Libya, and French soldiers in 
Algeria. 91,96,97 Among US military personnel in the 
Persian Gulf War, one case of meningoencephalitis 
associated with acute Q fever was reported, with 
the onset of symptoms 2 weeks after the individual's 
return from the Persian Gulf. 98 

Because the infectivity of C burnetii is at least 
equivalent to that of anthrax and tularemia, 99 Q fe¬ 
ver has been evaluated as a potential biological 
warfare agent by the United States, but stocks and 
munitions (except for strains necessary for vaccine 


research) were destroyed between May 1971 and 
May 1972, in accordance with the executive order 
signed by President Richard Nixon. 100 

Description of the Pathogen 

C burnetii is classified in the family Rickettsiaceae, 
but it is not included in the genus Rickettsia and 
therefore is not a true rickettsia. It is not closely re¬ 
lated to any other bacterial species when compara¬ 
tive 16s ribosomal RNA analysis is performed 101 ; the 
genus Coxiella has only one species. 

C burnetii must occupy an intracellular environ¬ 
ment to grow or reproduce, similar to true rickettsia, 
but the sporelike form can survive extracellularly 
and transmit infection by itself. 102 The sporelike 
form may also be seen in human tissue. 103 C burnetii 
in the host occupies the phagolysosome of eukary¬ 
otic cells, which is usually a very destructive, acidic 
environment with numerous digestive enzymes. 

Phase variation has been described with C 
burnetii. 104 Phase I, the virulent form associated with 
natural infection, has a smooth lipopolysaccharide 
(LPS) component of the outer membrane; phase II, 
an avirulent form resulting from serial laboratory 
passage of the organism in eggs or cell culture, has 
a rough, incomplete LPS. 

Epidemiology 

Transmission 

Human infection with C burnetii is usually the 
result of inhaling infected aerosols, although tick- 
borne disease does occur, as do cases resulting from 
ingesting unpasteurized milk from infected ani¬ 
mals. C burnetii is extremely infectious; under ex¬ 
perimental conditions, a single organism is capable 
of producing infection and disease in humans. 105 

The primary reservoirs for human infection are 
livestock animals, such as sheep, cattle, and goats, 
particularly parturient females. C burnetii also in¬ 
fects a large number of other species of wild and 
domesticated animals, including cats, dogs, pigs, 
camels, birds, and poultry. Numerous species of 
ticks harbor the infection, and transovarial trans- 
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mission of the organism can maintain the infection 
in the wild. 

During gestation in infected animals, the prolif¬ 
eration of C burnetii in the placenta facilitates aero- 
solization of large numbers of the pathogen during 
parturition. Unpasteurized eggs from infected poul¬ 
try may also transmit the infection, as can unpas¬ 
teurized milk. C burnetii is shed in the urine and 
feces of infected animals, in addition to being 
present in the blood and tissues. Humans who work 
with animal products or in animal husbandry, es¬ 
pecially abattoir workers or animal handlers and 
veterinary personnel who assist during parturition 
(eg, calving, lambing), are thus at increased risk for 
acquiring Q fever. 

Survival of the sporelike form of C burnetii as an 
aerosol or on inanimate surfaces, such as straw, hay, 
or clothing, allows for transmission to individuals 
who are not in direct contact with infected animals. 
Examples include service members sleeping in 
barns previously occupied by infected animals 93 ; 
laundry workers handling infected clothing 106 ; co¬ 
workers of an individual with an infected parturi¬ 
ent cat at home 107 ; and residents of an urban com¬ 
munity living along a road used by farm vehicles. 108 
Investigations of outbreaks of Q fever frequently 
report a significant proportion of patients who have 
no direct contact with animals and cases among 
people who live or work miles from an infected 
source. Human-to-human transmission has been 
reported, but it is a very rare event. 109 

Geographical Distribution 

The distribution of C burnetii is worldwide, 110 and 
the host range is very diverse, including a large 
number of mammalian species and arthropods. Q 
fever has been identified in most countries where 
an attempt has been made to identify evidence of 
infection in humans or animals, except New 
Zealand. Outbreaks of fever are infrequently re¬ 
ported, however, and the disease may be endemic 
in areas where cases are rarely or never reported. 

In the United States, the epidemiology of Q fever 
is variable. Isolated but regularly occurring cases 
have been observed in areas with endemic foci in 
cattle. 111 Clusters of cases have been described in 
areas with infected dairy herds. 112 A small outbreak 
in Maine associated with exposure to a parturient 
cat has been described, 113 similar to an outbreak in 
Nova Scotia, Canada. 114 Between 1981 and 1992, five 
outbreaks of Q fever in the United States were re¬ 
ported from five different states. 115-119 Four of these 
outbreaks occurred in research facilities using sheep. 


Incidence 

Although reported outbreaks of Q fever in the 
United States have been relatively uncommon in 
recent years, 120,121 underreporting undoubtedly oc¬ 
curs. For example, although the first two cases of Q 
fever were reported from two adjacent rural coun¬ 
ties in Michigan in 1984, a study published 4 years 
later showed that 15% of the general population 
surveyed in those two counties and 43% of goat 
owners were seropositive. 122 

Pathogenesis and Clinical Findings 

After an individual inhales an infected aerosol, 
ingests infected milk, or suffers a tick bite, C burnetii 
organisms are phagocytized, predominately by 
unstimulated macrophages. There is little host re¬ 
action at the portal of entry, either in the lung, skin, 
or alimentary tract. After phagocytosis, conditions 
within the phagolysosome trigger growth and mul¬ 
tiplication of C burnetii, with little initial damage 
to the host cell. Eventually the phagolysosome and 
cytoplasm become engorged with C burnetii organ¬ 
isms, and the host cell lyses. Dissemination of the 
pathogen occurs as the organisms circulate freely 
in the plasma, are carried on the surface of cells, 
and are carried by circulating macrophages. 

In animals, infection with C burnetii frequently 
lasts for the life of the animal in a dormant state. 
The acute infection is usually inapparent in animals, 
except for an increased rate of spontaneous abor¬ 
tion in some species. 

In humans, after multiplication and dissemination 
of the organism, polyclonal antibody production rep¬ 
resents the initial immune response to C burnetii, but 
control of the infection by the host eventually requires 
the development of specific cell-mediated immunity, 
with killing by activated macrophages and natural 
killer cells. This process may result in a granuloma¬ 
tous reaction without the scarring and tissue reaction 
observed with true granulomata. 

The incubation period for Q fever in humans 
varies from 10 to 40 days, and the infection may be 
manifested by, in order of frequency, asymptomatic 
seroconversion, acute illness, or chronic disease. In 
epidemiologic surveys, most seropositive individu¬ 
als do not recall having the illness. The tendency for 
C burnetii to produce asymptomatic seroconversion, 
particularly when the infecting inoculum is low, has 
been documented in several publications. In out¬ 
breaks, the incidence of asymptomatic seroconversion 
is usually about 50%. 105,107,123 These observations 
underscore the value of an epidemiologic investi- 
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gation when even a single case of acute Q fever is 
recognized. 

There is no characteristic illness for acute Q fe¬ 
ver, 124 ' 125 and manifestations may vary considerably 
among locations where the disease is acquired. The 
onset of Q fever may be abrupt or insidious, with 
fever, chills (including frank rigors), and headache 
being the most common symptoms (Table 36-3). The 
headache is usually described as severe, throbbing, 
and frontal or retro-orbital. Diaphoresis, malaise, 
fatigue, and anorexia are very common. Myalgias 


TABLE 36-3 

FREQUENCY OF SYMPTOMS IN ACUTE 
Q FEVER (%) 


Symptoms 

% 

Fever 

80-100 

Chills, rigors 

75-100 

Headache, retro-orbital pain 

50-100 

Malaise 

50-100 

Diaphoresis 

40-100 

Myalgias 

45-85 

Weakness, fatigue 

40-85 

Weight loss ( > 7kg) 

50-80 

Cough 

50-60 

Chest pain 

25-50 

Anorexia 

35-45 

Neurological 

10-35 

Sore throat 

5-35 

Nausea, vomiting 

15-20 

Arthralgias 

10-20 

Diarrhea 

5-20 

Neck stiffness 

5-7 


Data sources: Robbins FC, Ragan CA. Q fever in the Mediter¬ 
ranean area: Report of its occurrence in allied troops, I: Clini¬ 
cal features of the disease. Am ] Hyg. 1946;44:6-22; Feinstein 
M, Yesner R, Marks JL. Epidemics of Q fever among troops 
returning from Italy in the spring of 1945,1: Clinical aspects of 
the epidemic at Camp Patrick Henry, Virginia. Am ] Hyg. 
1946;44:72-87; Langley JM, Marrie TJ, Covert A, Waag DM, Wil¬ 
liams JC. Poker players' pneumonia: An urban outbreak of Q 
fever following exposure to a parturient cat. N Engl ] Med. 
1988;319:354-356; Raoult D, Marrie TJ. State-of-the-art clinical 
lecture: Q fever. Clin Infect Dis. 1995;20:489-496; Tissot Dupont 
H, Raoult D, Brouqui P. Epidemiologic features and clinical 
presentation of acute Q fever in hospitalized patients: 323 
French cases. Am ] Med. 1992;93:427-434; Smith DL, Ayres JG, 
Blair I, et al. A large Q fever outbreak in the West Midlands: 
Clinical aspects. Respir Med. 1993;87:509-516; and Derrick EH. 
The course of infection with Coxiella burnetii. Med J Aust. 
1973;1:1051-1057. 


are also a frequent complaint, while arthralgias are 
relatively unusual. Cough tends to appear later in the 
illness than some of the other more common symp¬ 
toms and may not be a prominent complaint. 126 
Chest pain occurs in a minority of patients and may 
be pleuritic or a vague substernal discomfort. A 
weight loss of more than 7 kg is relatively common, 
particularly when the initial illness is prolonged. 
Although nonspecific evanescent skin eruptions 
have been reported, there is no characteristic rash. 

For unknown reasons, cigarette smokers are more 
likely than nonsmokers to develop symptomatic 
infection with Q fever. 126 The temperature tends to 
fluctuate, with peaks of 39.5°C to 40.5°C (103°F- 
105°F), and in approximately one fourth of the cases 
is biphasic; in two thirds of patients with acute dis¬ 
ease, the febrile period lasts 13 days or less. 127 Neu¬ 
rological symptoms are not uncommon and have 
been observed in up to 23% of acute cases reported 
in a recent outbreak. 126 

Physical findings in acute Q fever are also relatively 
nonspecific. Rales are probably the most commonly 
observed physical finding; evidence of pleural ef¬ 
fusion (including friction rub) and consolidation 
may also be noted but not in the majority of infec¬ 
tions. Although hepatomegaly, splenomegaly, jaun¬ 
dice, pharyngeal injection, and hepatic and splenic 
tenderness have all been reported, they are relatively 
unusual in acute infection. 

Reports of abnormalities on chest x-ray examina¬ 
tion vary with locale but can probably be identified 
in 50% to 60% of patients. An abnormal chest radio¬ 
graph may be seen in the absence of pulmonary 
symptoms, while a normal chest radiograph may be 
observed in a patient with pulmonary symptoms. 128 

Laboratory abnormalities associated with acute 
Q fever most commonly involve tests of liver func¬ 
tion, and patients may present with a clinical and 
laboratory picture consistent with acute hepatitis. 
In 50% to 75% of patients, 2- to 3-fold elevations of 
the aspartate aminiotransferase or alanine ami¬ 
notransferase (AST or ALT) or both are observed, 
while elevations of either the alkaline phosphatase 
or total bilirubin or both are observed in only 10% 
to 15%. 126 The white blood count is usually normal; 
the erythrocyte sedimentation rate is elevated in 
approximately one third of patients. 97 Mild anemia 
or thrombocytopenia may also be observed. 

The case fatality rate of acute Q fever is low, even 
without treatment, and chronic disease, usually 
manifested by endocarditis, probably develops in 
less than 1% of acute infections. Q fever endocardi¬ 
tis usually occurs on heart valves with preexisting 
abnormalities. Those with prosthetic heart valves 
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or other vascular prostheses are also at increased 
risk of infection. 124 Granulomatous hepatitis also 
occurs as a chronic complication of Q fever, more 
commonly after ingestion of unpasteurized infected 
milk. 125 A syndrome of protracted fatigue follow¬ 
ing acute Q fever has been described. 129-131 

Diagnostic Approaches 

Diagnosis of Q fever is usually accomplished by 
serological testing. A number of methods have been 
used, 132 the most common being antibody detection 
by indirect fluorescent antibody or enzyme-linked 
immunosorbent assay (ELISA). Significant antibody 
titers are usually not identifiable until 2 to 3 weeks 
into the illness; convalescent antibody titers, 2 to 3 
months after onset, almost always demonstrate a 
typical 4-fold rise. After infection, significant anti¬ 
body titers may persist for years. 

In general, antibodies to the phase II organism 
are identified earlier in the illness, during the first 
few months after infection, followed by a decline 
in antibody to the phase II organism and a rise in 
antibody to the phase I organism. Antibodies of the 
IgM type are usually observed within the first 6 to 
12 months after infection, with persistence of IgG 
antibodies afterward. Of the methods currently 
used for the diagnosis of Q fever, the ELISA is the 
most sensitive and easiest to perform; the utility of 
the ELISA for epidemiologic screening and diagnosis 
of Q fever has been confirmed. 133,134 The sensitivity of 
this test in the convalescent phase of illness or in the 
first 1 to 2 years after infection approaches 100%. 134 
Polymerase chain reaction may also be useful in the 
future for the diagnosis of Q fever 135-137 but remains 
to be validated in acute clinical cases. 

Recommendations for Therapy and Control 

Antibiotic treatment of acute Q fever shortens the 
course of the disease and is effective in preventing 
disease when administered during the incubation 
period. 105 Tetracyclines remain the mainstay of 
therapy for acute disease. 138 Macrolide antibiotics, 
such as erythromycin and azithromycin, are also 
effective. 139,140 Quinolones, chloramphenicol, and 

VIRAL HEMOF 

Introduction and Military Relevance 

The hemorrhagic fevers are serious, widely distrib¬ 
uted human infections caused by viruses from sev¬ 
eral different taxonomic families (Table 36-4). As a 


trimethoprim-sulfamethoxazole have also been 
used to treat Q fever, 138 but experience with these 
antibiotics is very limited. 

Q fever in humans can be prevented by immuni¬ 
zation with a formalin-killed whole cell vaccine. 
Although a very effective Q fever vaccine is licensed 
in Australia (Q-Vax, CSL, Victoria, Australia), all Q 
fever vaccines used in the United States are currently 
investigational. Existing vaccines are generally well 
tolerated after subcutaneous injection, although 
individuals already immune to Q fever may de¬ 
velop severe local reactions at the site of injec¬ 
tion. 141,142 These reactions can be avoided by prior 
screening with an intradermal skin test to detect 
presensitized or immune individuals. 143 

Control of Q fever requires, most importantly, 
recognition of the disease (which may be difficult 
considering the nonspecific clinical findings) and 
awareness of the potential risk of infection in appro¬ 
priate settings. Areas such as cow or sheep sheds that 
are or have been occupied by animals that may har¬ 
bor the infection should be avoided. Considering the 
large number of mammalian species that may carry 
the infection, close contact with animals, both domes¬ 
tic and wild, outside of the United States should be 
avoided, especially if birthing is occurring. Disposal 
of animal products of conception should be accom¬ 
plished as soon as possible. Unpasteurized or un¬ 
cooked animal products should never be consumed. 
In spite of an innate resistance to heat, C burnetii 
organisms are inactivated by pasteurization at 62.7°C 
(145°F) for 30 minutes, 71.6°C (161 °F) for 15 seconds, 
or boiling. 57 ’’ 407 "' 11 Dead animals and animal products 
should also be handled with care, because Q fever may 
be transmitted by contact with these materials. 

If contamination with C burnetii has occurred, 
disinfection of areas or articles soiled by infected 
blood, tissue, or other animal products is recom¬ 
mended with 0.05% hypochlorite, 5% peroxide, or 
a 1:100 solution of Lysol. 57 Although complete in¬ 
activation even with these measures is not certain, 
both 70% ethanol and a 5% solution of N-alkyl dim¬ 
ethyl benzyl and ethylbenzal ammonium chlorides 
have been shown to completely inactivate the or¬ 
ganism after 30 minutes of exposure. 144 

[William R. Byrne] 

IAGIC FEVERS 

group, these diseases share many clinical, pathophysi¬ 
ologic, and epidemiologic features. Most are zoonoses; 
human infections occur as a result of incursion into 
the cycles of transmission established between each 
virus and its host or reservoir in nature. 
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TABLE 36-4 

VIRAL HEMORRHAGIC FEVERS OF HUMANS 


Family/Virus 

Disease 

Geographic Distribution 

Natural Transmission 

Arenaviridae 

Lassa 

Lassa Fever 

Rural west Africa 

Rodent to human 

Junin 

Argentine HF 

Rural Argentina 

Rodent to human 

Machupo 

Bolivian HF 

Rural Bolivia 

Rodent to human 

Guanarito 

Sabia 

Venezuelan HF 

Rural Venezuela 

Rural(?) Brazil 

Rodent to human 

* 

Unknown 

Bunyaviridae 

Hantaan 

HFRS 

Rural Asia, Far East, central 
Europe /Balkans/?) 

Rodent to human 

Puumala 

HFRS 

Rural western Europe, central 
Europe / Balkans 

Rodent to human 

Dobrava/Belgrade 

HFRS 

Central Europe/Balkans 

Rodent to human 

Seoul 

HFRS 

Worldwide 

Rodent to human 

Sin Nombre + 

HPS 

Americas 

Rodent to human 

Crimean-Congo 
Hemorrhagic Fever 

CCHF 

Rural Africa, west Asia, central 
Europe 

Tick bite; inhalation or contact with 
blood of infected mammals 

Rift Valley Fever 

RVF 

Sub-Saharan Africa, Egypt 

Mosquito bite; inhalation or contact 
with blood of infected mammals 

Filoviridae 

Ebola-Sudan 

Ebola HF 

Sudan 

* 

Unknown 

Ebola-Zaire 

Ebola HF 

Zaire 

* 

Unknown 

Ebola-Ivory Coast 

Ebola HF 

Ivory Coast 

* 

Unknown 

Marburg 

Marburg HF 

Sub-Saharan Africa 

* 

Unknown 

Flaviviridae 

Yellow fever 

Yellow fever 

Africa, South America 

Mosquito bite 

Dengue 

Dengue HF 

Tropical/subtropical regions 
worldwide 

Mosquito bite 

Omsk 

Omsk HF 

Northern Asia 

Tick bite; contact with infected 
muskrats 

KFD 

KFD 

Rural India 

Tick bite 


The threat of severe nosocomial or laboratory-acquired infection or both is particularly high 

^Other hantaviruses endemic to the Americas and associated with hantavirus pulmonary syndrome have also been described and 
characterized but are not included in this table 

HF: hemorrhagic fever, HFRS: hemorrhagic fever with renal syndrome, FIPS: hantavirus pulmonary syndrome, RVF: Rift Valley 
fever, KFD: Kayasanur Forest disease 


Viral hemorrhagic fever should be considered in 
the differential diagnosis of febrile illnesses among 
military personnel living or working in disease-en¬ 
demic areas. Military personnel tend to be among 
those at highest risk for acquiring viral hemorrhagic 
fevers because field operations and warfare are often 
conducted under adverse environmental conditions 
in remote regions where exposure to vectors or res¬ 


ervoir hosts for the etiologic agents is likely. The 
impact of dramatic, highly lethal infections on the 
morale and welfare of forces cannot be overesti¬ 
mated. Therapeutic interventions are time-critical 
for infected individuals, and rapid implementation 
of surveillance and control strategies may be essen¬ 
tial to avoiding either panic, epidemic catastrophe, 
or both. Clinical management of these diseases is 
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demanding and resource-intensive. Explosive 
nosocomial outbreaks are a well-documented 
consequence of unwitting introduction of viral 
hemorrhagic fevers into routine clinical care set¬ 
tings. Personnel at both clinical and research labo¬ 
ratories are at particularly high risk of infection. No 
licensed vaccines are currently available for the vi¬ 
ral hemorrhagic fevers discussed in this chapter, but 
safe and effective immunogens have been or are 
being developed for use in high-risk populations 
(Table 36-5). 

Many viral hemorrhagic fevers are efficiently 
spread by aerosol transmission from infected res¬ 
ervoirs. This fact, coupled with the recognized high 
morbidity and mortality associated with naturally 
acquired human disease and the stability of the 
etiologic agents under adverse environmental 
conditions, has generated considerable interest in 
their potential for use as biological warfare agents. 
Resources are available for advice and specific guid¬ 
ance from the US Army Medical Research Institute 
of Infectious Diseases, Fort Detrick, Md, and the 
Special Pathogens Branch of the National Center for 
Infectious Diseases at the Centers for Disease Con¬ 
trol and Prevention, Atlanta, Ga. 

In this chapter, hemorrhagic fevers caused by 
arenaviruses and filoviruses, together with Crimean- 
Congo hemorrhagic fever, are considered; else¬ 


where in this volume are discussions of hemor¬ 
rhagic fevers caused by mosquito-borne flaviviruses 
(dengue, yellow fever), tick-borne flaviviruses 
(Omsk hemorrhagic fever, Kayasanur Forest dis¬ 
ease), and other members of the Bunyaviridae (hem¬ 
orrhagic fever with renal syndrome, hantavirus 
pulmonary syndrome. Rift Valley fever). 

Arenavirus Hemorrhagic Fevers 

Description of the Pathogens 

The family Arenaviridae contains segmented, 
single-stranded RNA viruses. Each human patho¬ 
genic arenavirus is associated with a specific rodent 
species in which it establishes a chronic, persistent 
infection. Infected rodents shed large quantities of 
virus in secretions and excreta; humans become in¬ 
fected through inhalation of virus-containing aero¬ 
sols and via mucous membrane or percutaneous 
inoculation of virus through contact with contami¬ 
nated surfaces. Arenaviruses have been classified 
into 2 groups: the Old World complex (eg, lympho¬ 
cytic choriomeningitis virus, Eassa virus), and the 
New World (or Tacaribe virus) complex. Lassa is 
the only Old World complex virus that causes hem¬ 
orrhagic fever. Within the New World complex, four 
viruses are recognized causes of hemorrhagic fever 


TABLE 36-5 

THERAPEUTIC AND PREVENTIVE MEASURES SPECIFIC FOR SELECTED VIRAL HEMORRHAGIC 
FEVERS 


Disease 

Therapy 

Prevention 

Arenaviruses 

Lassa fever 

Supportive, ribavirin 

Rodent control, avoidance of reservoir 

Argentine HF 

Supportive, immune plasma, ribavirin(?) 

Candid #1 Junin vaccine (IND) 

Bolivian HF 

Supportive, ribavirin(?) 

Rodent control. Candid #1 vaccine)?) 

Venezuelan HF 

Supportive 

Avoidance of reservoir 

Sabia HF 

Supportive, ribavirin)?) 

Unknown 

Filoviruses 

Ebola HF 

Supportive 

Unknown 

Marburg HF 

Supportive 

Unknown 

Bunyaviruses 

Crimean-Congo HF 

Supportive, ribavirin 

Tick control, avoidance of slaughtered animals 


Note: (?) indicates anecdotal experience or strong theoretical justification for use based upon in vitro findings or experimental 
models or both 

HF: hemorrhagic fever, IND: investigational new drug 
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in humans: Junin (which causes Argentine hemor¬ 
rhagic fever), Machupo (Bolivian hemorrhagic fe¬ 
ver), Guanarito (Venezuelan hemorrhagic fever), 
and Sabia (no specific disease designation). 

Lassa Fever 

Transmission. The sole reservoir for Lassa virus 
is Mastomys natalensis, the multimammate rat. This 
peri-domestic rodent is an important source of pro¬ 
tein for people in disease-endemic areas, and it 
regularly contaminates houses and living areas with 
infectious urine and respiratory secretions. 145,146 
Most cases of Lassa fever apparently are acquired 
through contact with rodents or their excreta, but 
human-to-human spread also occurs. Clustering of 
cases and seropositives is frequently found, and 
transmission of disease through contact with febrile 
patients and via sexual intercourse during incuba¬ 
tion and convalescence has been seen. Nosocomial 
outbreaks are uncommon but are well docu¬ 
mented. 147,148 

Geographic Distribution and Incidence. Lassa 
fever occurs in the West African nations of Sierra 
Leone, Liberia, Nigeria, Guinea, and probably in 
Senegal, Ivory Coast, Upper Volta, and Mali. Infec¬ 
tion with Lassa virus is common in all ages and both 
sexes; estimates range from thousands to hundreds 
of thousands of incident cases annually. 149 In Sierra 
Leone, as many as 16% of adult medical admissions 
to hospitals, 47% of adult febrile admissions, 20% 
of pediatric febrile admissions, and 30% of adult 
medical deaths may be due to this disease. 150,151 
Mortality in pregnant women is particularly high, 
reaching 30% or more during the third trimester. 152 

Pathogenesis and Clinical Findings. Lassa fever 
is a disease of insidious onset. Fever, malaise, and 
headache appear gradually, usually 8 to 14 days 
after exposure to the virus. As illness progresses, 
sore throat, myalgias, arthralgias, epigastric or 
retrosternal pain, vomiting, and dry cough appear. 
Physical findings include conjunctivitis, abdominal 
and muscle tenderness, lymphadenopathy, hy¬ 
potension, and relative bradycardia. About 40% of 
patients develop a painful, purulent pharyngitis 
that is sometimes associated with vesicles or ulcers. 
A progressively "toxic" appearance is typically ac¬ 
companied by edema of the face and neck. There is 
no characteristic skin rash, and neither cutaneous 
hemorrhage nor jaundice is evident early in the dis¬ 
ease. Severe hypotension and bleeding from the 
nose and mouth, gastrointestinal tract, or vagina are 
associated with a fatal outcome; these complications 
occur in the minority of patients, however (15% to 


20%). Pericardial rubs occur in about 20% of cases. 
Acute encephalitis has been described in many hos¬ 
pitalized patients, manifesting as seizures, dysto¬ 
nia, and neuropsychiatric changes. 153 More severe 
evidence of central nervous system involvement 
(stupor, coma, focal neurological signs) signifies a 
poor prognosis. Recovery may take a month or 
more. Convalescence may be complicated by ataxia, 
orchitis, uveitis, pericarditis, pleural effusion, or 
ascites. Eighth nerve deafness occurs in 25% to 30% 
of survivors and may be permanent; Lassa fever is 
considered to be among the most important causes 
of deafness in West Africa. 154 

Clinical laboratory findings in Lassa fever are 
generally unremarkable. White blood cell counts 
may be depressed early, but as the disease progresses 
they frequently are normal or elevated. Platelet 
counts are normal or elevated but platelet function 
is abnormal. 155 Proteinuria is inconsistent. High se¬ 
rum viremia (> 10 3,6 TCID 50 /mL) and aspartate 
aminotransferase (AST > 150 IU/L) are each asso¬ 
ciated with a poor prognosis (50% and 73% mortal¬ 
ity, respectively). If both factors coexist, mortality 
is 80%. 156,157 

Diagnostic Approaches. Diagnosis of Lassa fever 
is made by demonstration of a 4-fold rise in virus- 
specific antibodies, virus isolation, antigen detec¬ 
tion by enzyme immunoassay, or demonstration of 
virus-specific IgM or high-titered IgG in the setting 
of a compatible clinical illness. The differential di¬ 
agnosis includes malaria, typhoid fever, and other 
febrile illnesses common to West Africa. A single 
case-control study from Sierra Leone suggested that 
triads of either pharyngitis, retrosternal pain, and 
proteinuria or pharyngitis, retrosternal pain, and 
vomiting were useful to discriminate Lassa fever 
from other conditions. 150 

Recommendations for Therapy and Control. The 
specific therapy for Lassa fever is the antiviral drug 
ribavirin. Administration of ribavirin by both 
parenteral and oral routes has been shown to be 
effective in reducing mortality, but the parenteral 
route is more effective. 157 Optimal benefit is derived 
within the first 6 days of illness. Although of un¬ 
proven benefit, prophylactic administration of oral 
ribavirin represents a prudent approach to manage¬ 
ment of a significant exposure to Lassa virus (eg, a 
needlestick). There is no vaccine presently available 
for Lassa fever; prevention consists of control and 
avoidance of reservoir rodents. Control of nosoco¬ 
mial spread has been accomplished in endemic ar¬ 
eas through use of barrier precautions and care to 
avoid cross-contamination of needles and other 
devices. Clinical and diagnostic laboratory samples 
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are highly hazardous and should be manipulated 
only by trained personnel in controlled, high-level 
biocontainment facilities. 

South American Hemorrhagic Fevers 

Argentine hemorrhagic fever (AHF), Bolivian 
hemorrhagic fever (BHF), Venezuelan hemorrhagic 
fever (VHF), and hemorrhagic fever caused by Sabia 
virus often are referred to collectively as the South 
American hemorrhagic fevers. The hemorrhagic 
fevers they cause are clinically similar, but each dis¬ 
ease has its own specific transmission patterns and 
geographic distribution. 

AHF occurs in a progressively expanding endemic 
zone that includes portions of Buenos Aires, 
Cordoba, Santa Fe, and La Pampa provinces of north- 
central Argentina. 158 AHF is a seasonal disease, with 
a prominent peak in autumn that coincides with the 
summer grain harvests and the period of maximum 
population density for the Junin virus reservoir, 
Calomys musculinus, the field mouse. Disease is as¬ 
sociated with inhalation of contaminated aerosols 
generated by mechanical grain harvesters and with 
exposure to linear habitats frequented by C 
musculinus, such as fencerows and railroad beds. 
Disease incidence before the introduction of the 
Junin virus vaccine was 200 to 1,000 cases per year. 
Although all ages and both sexes are affected, most 
cases are seen in male agricultural workers who are 
20 to 60 years old. 

Like AHF, the preponderance of BHF occurs in con¬ 
junction with peaks of agricultural activity. Although 
most BHF is thought to occur after exposure to aero¬ 
solized rodent urine, clusters of cases in Cochabamba 
in 1971 and near Magdelena in 1994 provide strong 
suggestive evidence for person-to-person spread of 
Machupo virus. 159,160 BHF is found naturally only in 
the Beni Department of northern Bolivia, although 
the range of the reservoir for Machupo virus, C 
callosus, also includes parts of Argentina, Paraguay, 
and Brazil. C callosus differs in habit from that of its 
Argentine congener in that it also has peri-domestic 
affinities. Between 2,000 and 3,000 cases of BHF have 
been recorded since the disease was recognized in 
1959; many of these were associated with a series of 
devastating epidemics that occurred between 1962 
and 1964 in and around the village of San Joachin. 161 
Effective rodent control and surveillance programs 
that arose from these outbreaks eliminated epidemic 
BHF, and only sporadic cases have occurred since. 
Currently, cases number in the low double digits an¬ 
nually. Most cases of BHF occur in men from rural 


areas, but community and family outbreaks have in¬ 
volved all ages and both sexes. 

VHF was first recognized in 1989 following an 
outbreak of hemorrhagic fever in Guanarito, 
Portuguesa State, Venezuela. 162 The reservoir for 
Guanarito virus is thought to be the cane rat, 
Zygodontomys brevicauda. The cotton rat, Sigmodon 
alstoni, cocirculates in the area and carries a closely 
related virus (putatively named Pirital virus) whose 
disease potential remains undefined at this time. 163 
As is the case with AHF and BHF, both children and 
adults are susceptible to infection with VHF virus, 
although the highest risk tends to be among adult 
male farm workers. A seasonal peak in disease has 
been noted from November to January. As of 1997, 
fewer than 150 cases of this disease had been docu¬ 
mented from the endemic area, most of them be¬ 
tween 1989 and 1991. 

Sabia virus has been recovered only once from a 
human; under natural conditions it was acquired 
near Sao Paulo, Brazil, in 1990. 164 Its reservoir and 
mode of transmission to humans are unknown. Two 
subsequent human infections with Sabia virus oc¬ 
curred following laboratory accidents, emphasiz¬ 
ing the importance of confining work with this and 
related human-pathogenic arenaviruses to biosafety 
level 3 or 4 facilities. 

Pathogenesis and Clinical Findings. The South 
American hemorrhagic fevers are clinically similar. 
The incubation period is generally 1 to 2 weeks. 
Patients experience the gradual development of fe¬ 
ver, malaise, myalgia, and anorexia. Headache, diz¬ 
ziness, backache, epigastric pain, vomiting, and 
diarrhea follow shortly afterward, accompanied by 
flushing of the face and chest, conjunctival injec¬ 
tion, and orthostatic hypotension. Cutaneous pete- 
chiae are frequent, appearing most commonly in the 
axillae and palate. Congestion and bleeding of the 
gums is frequently seen, and the appearance of hem¬ 
orrhage along the gingival margin at the point of tooth 
insertion is a characteristic finding. Neurological 
changes are virtually universal, with tremors (most 
commonly of the tongue and hands), lethargy, de¬ 
pressed deep tendon reflexes, and hyperaesthesia 
being most frequently noted. In most cases, im¬ 
provement begins after 7 to 10 days, and patients 
go on to a prolonged recovery that may be accom¬ 
panied by weakness, autonomic instability, and 
alopecia. About one third will progress to more se¬ 
vere illness, however, with evolution along one of 
three fairly distinctive patterns: a hemorrhagic diathe¬ 
sis with mucous membrane and puncture wound 
bleeding; a progressive neurological deterioration 
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with convulsions, delirium, obtundation, and coma; 
or a mixed hemorrhagic-neurologic syndrome with 
shock. Untreated, mortality may exceed 25%. 

Thrombocytopenia (platelets < 100,000/mm 3 ) 
and leukopenia (white blood cell count < 4,000/ 
mm 3 ) are almost universal. Proteinuria with or 
without microscopic hematuria is freqently seen. In 
AHF, serum alpha interferon levels may be exceed¬ 
ingly high (1,000-16,000 IU / mL); higher levels cor¬ 
relate with poorer prognoses. 

Diagnostic Approaches. Diagnosis of South 
American arenavirus infections can be accom¬ 
plished by serology (eg, indirect immunofluores¬ 
cence, enzyme immunoassay, neutralization tests), 
antigen detection (eg, antigen detection enzyme 
immunoassay), or virus isolation. Clinical samples 
should be considered infectious and handled un¬ 
der biosafety level 4 conditions until treated with 
radiation or chemicals to inactivate the virus. The 
differential diagnosis includes lymphocytic chori¬ 
omeningitis, hantavirus diseases, typhoid fever, and 
a host of other viral and bacterial diseases endemic 
to rural South America. 

Recommendations for Therapy and Control. Con¬ 
valescent immune plasma has been shown to be 
effective in treating AHF when administered within 
8 days of disease onset. 165 Effectiveness of plasma 
therapy correlates with quantity (titer) of neutraliz¬ 
ing antibody delivered. 166 A neurological syndrome 
of uncertain etiology is associated with immune 
plasma therapy in about 10% of treated survivors. 
This condition typically begins 4 to 6 weeks after 
treatment and is characterized by fever, headache, 
ataxia, and intention tremor but is usually benign. 
Intravenous ribavirin has shown promise in pre¬ 
liminary studies for therapy of AHF, but controlled 
trials have not been conducted. The drug has been 
successful in limited numbers of patients with 
Machupo and Sabia virus infections as well, but 
additional experience is needed to document efficacy. 

Rodent avoidance and control constitute the prin¬ 
cipal nonmedical modalities for preventing South 
American hemorrhagic fevers. A live-attenuated 
Junin virus vaccine codeveloped by the US Army 
and the Argentine government was shown in con¬ 
trolled trials 167 to be 95% efficacious in preventing 
AHF. This vaccine, called Candid #1, has been ad¬ 
ministered to more than 160,000 persons in the 
AHF-endemic area; its use has been associated with 
a dramatic decrease in disease incidence. Candid 
#1 successfully protected experimental animals 
against BHF but not VHF; it has not yet been as¬ 
sessed in humans for these diseases. 


Filovirus Hemorrhagic Fevers 

The Filoviridae are morphologically unique RNA 
viruses for which neither the reservoirs nor the modes 
of natural infection to humans are known. Although 
biochemically similar, the filoviruses are serologically 
distinctive. They have been classified into the Marburg 
and the Ebola groups. The Ebola group has three 
subtypes: Ebola-Sudan, Ebola-Zaire, and Ebola- 
Reston. A probable fourth Ebola strain recovered from 
a human infected in the Ivory Coast is incompletely 
classified at present. All but Ebola-Reston have been 
documented as causing hemorrhagic fevers in humans. 

Epidemiology 

The epidemiology of filoviruses is marked by the 
occurrence of dramatic, explosive outbreaks, typi¬ 
cally with high mortality. Despite repeated and ex¬ 
tensive efforts, no natural reservoir for any filovirus 
has been identified. Person-to-person spread of 
filoviruses has been documented repeatedly in as¬ 
sociation with parenteral or mucous membrane ex¬ 
posure to contaminated body fluids; health care 
workers regularly contribute substantially to mor¬ 
bidity and mortality statistics during epidemics. 168 
Aerosol transmission is unproved in human infec¬ 
tion, but airborne transmission of both Marburg and 
Ebola has been demonstrated experimentally, and 
there are indications that droplets or aerosols 
played a role in the spread of Ebola-Reston among 
quarantined cynomolgous macaques. 

Marburg virus was the cause of simultaneous 
clusters of viral hemorrhagic fever in 1967 among 
individuals in Marburg, West Germany, and 
Belgrade, Yugoslavia, who were connected directly 
or indirectly with African green monkeys shipped 
from Uganda. 169 Marburg virus has since been recog¬ 
nized usually in the context of individual infections, 
both with and without secondary transmission. 

Ebola-Zaire and Ebola-Sudan, in contrast, have 
been associated with repeated large epidemics in 
sub-Saharan Africa; the former more frequently and 
recently (1995 and 1996-1997). 170 In each of these out¬ 
breaks, case-fatality rates have been high (50% to 90%). 
Ebola-Ivory Coast virus has been seen only sporadi¬ 
cally and has infected both humans and chimpanzees. 
Ebola-Reston has caused widespread morbidity and 
mortality of greater than 75% among colonies of 
cynomolgous macaques exported from the Philip¬ 
pines. 171 Several humans have been infected with 
Ebola-Reston virus in association with primate epi¬ 
zootics, but, to date, none have become ill. 
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Pathogenesis and Clinical Findings 

Human filovirus infections are severe, debilitat¬ 
ing, and frequently fatal. The experience to date 
with Asian filoviruses (eg, Ebola-Reston) suggests 
avirulence for humans; but that is based on very 
limited information. The incubation period for Af¬ 
rican filoviruses is generally 3 to 8 days but may be 
longer in secondarily acquired infections. Disease 
onset is abrupt, with frontal headache, fever, chills, 
myalgias, anorexia, and extreme malaise. Nausea, 
vomiting, and diarrhea are common early in the 
disease course, and conjunctivitis, pharyngitis, and 
oral ulcerations may be seen. Patients typically are 
prostrate and apathetic. A maculopapular rash ap¬ 
pears on the trunk and back around the fifth day of 
illness and desquamates in survivors. Petechiae and 
oozing from venipunctures are frequent, and 
bleeding from mucous membranes of the gas¬ 
trointestinal and genitourinary tracts and of the 
nasopharynx is commonly observed. Death due 
to intractable shock occurs between 6 and 16 days 
following disease onset. Infections in pregnancy are 
particularly severe, and fetal wastage is universal. 
The catabolic toll of these infections is huge; patients 
are severely wasted, and convalescence for survi¬ 
vors is prolonged. 

Diagnostic Approaches 

Platelet and leukocyte counts are depressed early, 
and a left shift is common. As disease progresses, 
neutrophilia appears. Serum transaminases are in¬ 
creased (AST > ALT), but bilirubin is generally nor¬ 
mal or only slightly elevated. Viremia is present 
from early in the disease course and may persist 
for weeks (especially in semen and the anterior 
chamber of the eye) in survivors. Diagnosis of hu¬ 
man filovirus infection is made by serology (enzyme 
immunoassay), antigen detection (antigen-capture 
enzyme immunoassay in serum, immunohis- 
tochemistry in tissues), visualization of virus par¬ 
ticles in tissues by electron microscopy, and virus 
isolation. Initially developed immunofluorescent 
antibody tests are not reliable for serological diag¬ 
nosis. Body fluid and tissue samples are highly in¬ 
fectious, and specimens should be handled only by 
trained personnel at the highest possible levels of 
biocontainment. The differential diagnosis includes 
a wide variety of diseases that occur in sub-Saharan 
Africa, including malaria, typhoid fever, and rick¬ 
ettsial diseases, as well as other viral hemorrhagic 
fevers. 


Recommendations for Therapy and Control 

There is no specific treatment available for 
filovirus diseases. Supportive care (eg, fluids, 
pressors, management of shock and hemorrhage) 
is most important. Exclusion of other, treatable con¬ 
ditions must always be considered. In the absence 
of insight regarding natural hosts or vectors of 
filoviruses, control measures are limited to inter¬ 
ruption of person-to-person spread through early 
case identification, quarantine, decontamination, 
and barrier nursing precautions. The risk of noso¬ 
comial infection is high. There is no vaccine cur¬ 
rently available for any filovirus. 

Crimean-Congo Hemorrhagic Fever 

Description of the Pathogen 

Crimean-Congo hemorrhagic fever (CCHF) virus 
is a member of the Nairovirus genus in the large 
Bunyaviridae family. This RNA virus is maintained 
in nature via complex relationships between its ar¬ 
thropod vectors (multiple species of ixodid [hard] 
ticks) and nonhuman vertebrate hosts. The virus 
was initially identified in 1947 as the cause of 
Crimean hemorrhagic fever, but it was not until 1969 
that its identity with an agent recovered from a fe¬ 
brile patient in the Belgian Congo in 1956 was recog¬ 
nized and the name revised to reflect the linkage. 172 

Epidemiology 

Ticks presumably serve as both vectors and res¬ 
ervoirs for CCHF. Both transstadial and transovarial 
transmission of virus have been documented in sev¬ 
eral ixodid species. These ticks feed on a wide vari¬ 
ety of domestic and wild animals, including birds. 
The predominant vertebrate reservoirs for the vi¬ 
rus include large herbivores and wild hares; it is 
likely that vertebrate amplification in these hosts 
contributes substantively to natural sustainment 
and spread of the virus. Human CCHF occurs follow¬ 
ing the bite of an infected tick; through exposure to 
blood, tissues, or excreta of infected vertebrate res¬ 
ervoirs; or nosocomially. 

The CCHF-endemic area is widespread, cover¬ 
ing portions of three continents; infections have 
been recognized in eastern and central Europe, the 
Middle East, northern Asia, and throughout Africa. 
Since most CCHF occurs in rural and often remote 
regions, accurate incidence and prevalence data is 
scanty. Illness-to-infection ratios approach 50% in 
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some countries, but infected ticks or seropositive 
animals or both have been recovered from other 
areas where human infections are unreported. The 
reasons for such wide variability in disease expres¬ 
sion are unknown. Shepherds, farmers, abbatoir 
workers, and others engaged in outdoor activities 
in rural areas (eg, hunters, boy scouts) constitute 
the majority of those infected through natural ex¬ 
posure. The risk of nosocomial infection is high; 
explosive outbreaks have been repeatedly docu¬ 
mented among hospital staff engaged in the surgi¬ 
cal or medical management of unsuspected CCHF 
cases. 173 ' 174 

Pathogenesis and Clinical Findings 

Onset of CCHF is abrupt. After a 2- to 7-day in¬ 
cubation period, patients suddenly develop high 
fever, chills, myalgias, severe headache, weakness, 
epigastric pain, nausea, and vomiting. Flushing of 
the face and chest, palatal petechiae, and conjunc¬ 
tival injection are frequently seen. Between 3 and 5 
days later, a remission of several hours duration 
occurs in one half to two thirds of patients. Subse¬ 
quently, a second phase of the illness, the "hemor¬ 
rhagic" phase, ensues and is characterized by the 
appearance of petechiae, epistaxes, bradycardia, 
profound hypotension, and pulmonary edema. In 
severe cases, uncontrolled hemorrhage from puncture 
wounds and mucosal surfaces occurs. The second 
stage may last 3 to 10 days. For survivors, recovery 
is prolonged. 

Thrombocytopenia, leukopenia, and elevated 
serum enzyme levels appear early in the disease 
course and carry prognostic significance. In South 
Africa, leukocytosis, platelets levels of less than 
20,000/mm 3 , marked transaminase elevations, or 
profound coagulation abnormalities each was more 
than 90% predictive of a fatal outcome if seen dur¬ 
ing the initial 5 days of illness. 175 


Diagnostic Approaches 

Diagnosis of CCHF is made by serology (eg, indi¬ 
rect immunofluorescence, enzyme immunoassay), 
antigen detection, or virus isolation. Virus is readily 
recovered from body fluids and tissues during acute 
illness. These materials constitute a substantial haz¬ 
ard for health care workers and laboratory person¬ 
nel, so patients should be managed in isolation and 
diagnostic samples handled only under biosafety 
level 4 containment levels. The differential diagno¬ 
sis of CCHF includes typhoid fever, malaria, and 
other bacterial or rickettsial diseases. Other viral 
hemorrhagic fevers should also be considered, par¬ 
ticularly those caused by hantaviruses (in eastern 
and central Europe and Asia) and filoviruses (in 
Africa). 

Recommendations for Therapy and Control 

CCHF virus is sensitive in vitro to ribavirin, and 
the drug has become an important adjunct to inten¬ 
sive supportive care for CCHF in South Africa and 
perhaps elsewhere. 176 Use of personal protective mea¬ 
sures (eg, repellents containing DEET for the skin, 
permethrin treatment of clothing [see chapter 22, Per¬ 
sonal Protection Measures Against Arthropods]) to 
discourage tick bites is the most effective means avail¬ 
able to prevent natural infection. In endemic areas, 
awareness of the disease in ungulates and hares and 
avoidance of blood and fluids from these animals as 
they are slaughtered or marketed should be empha¬ 
sized. Postexposure prophylaxis with ribavirin is 
probably indicated after high-risk exposures (eg, 
needlesticks, resuscitation), though its efficacy in this 
setting is unproven. A formalin-inactivated mouse 
brain CCHF vaccine has been produced and used in 
Bulgaria and the former Soviet Union, but its safety 
and efficacy are also unproved. 

[Kelly T. McKee, Jr.] 


RABIES 


Introduction and Military Relevance 

Rabies is an acute encephalomyelitis caused by 
a number of closely related rhabdoviruses. It is 
transmissible, primarily by direct contact, through 
the secretions of infected animals. The possibility 
of contact with such animals during the course of 
field training or deployment and the worldwide 
occurrence of rabies make it a disease of military 
importance. Recent deployments to Africa, the Car¬ 


ibbean region, and Latin America, where animal 
rabies is highly endemic, underscores the signifi¬ 
cant risk deployed military personnel may face. 
Military physicians must have a firm understand¬ 
ing of the principles of rabies prevention and man¬ 
agement. Despite advances in preexposure and 
postexposure prophylaxis, rabies as an infectious 
disease remains almost always fatal. 

Rabies ("rage" or "madness" in Latin) was first 
described in dogs by Democritus circa 500 BC. 177 
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Since that time, it has become one of the most feared 
infectious diseases known. Treatment involved cau¬ 
terization with a hot iron until 1885. In that year, 
Louis Pasteur introduced the first effective rabies 
vaccine, which was prepared from a virus strain 
isolated from the brain of a rabid cow in 1882 and 
subsequently passed through rabbits. Today rabies 
still represents a significant health threat. Although 
it usually can be prevented with timely immuniza¬ 
tion, once infection is established, recovery is ex¬ 
tremely rare. 

The threat of rabies has been a longstanding con¬ 
cern for the US military. Outbreaks of skunk-trans¬ 
mitted disease were reported by the US Army as a 
source of rabies among horses and soldiers in the 
western frontier in the 1870s. 178 After World War II, 
US service members were redeploying from many 
parts of the world. At the time, there was no reli¬ 
able data on the distribution of rabies in the United 
States. The US Army Veterinary Corps, the only 
source of information, found that rabies was ram¬ 
pant in all the theaters of war except parts of the 
Pacific, but it was enzootic in the Philippines, Tai¬ 
wan, and Japan. 179 The global rabies problem in the 
late 1940s received various degrees of attention, 
depending on where the US Army veterinarians 
were posted. In the Philippines, they attempted to 
control rabies with the Kelser chloroform-treated 
vaccine, with little success. 180 General MacArthur's 
staff gave a high priority to the control of rabies, 
first by educating the civilian population and then 
by animal control through reduction in numbers 
and vaccination. 

The postwar rabies problem in the United States 
also caused great concern. This led to a national 
rabies program, which included animal control 
through education, elimination of stray animals, 
preexposure vaccination of pet dogs, and preexposure 
prophylaxis and postexposure treatment for hu¬ 
mans. Since World War II, the Centers for Disease 
Control has been active in promoting rabies con¬ 
trol. But until there are major advances in the pri¬ 
mary prevention of rabies among animals and in 
the control of human disease, it will remain a signifi¬ 
cant challenge to the military medical community. 

Description of the Pathogen 

Rabies is caused by a number of different strains 
of highly neurotropic, single-stranded RNA viruses. 
Most of those that infect vertebrates and inverte¬ 
brates are bullet-shaped and belong to the genus 
Lyssavirus and the genus Vesiculovirus in the family 
Rhabdoviridae. The lyssaviruses include the classic 


rabies virus, which has been isolated from terres¬ 
trial mammals (eg, dogs, cats) and bats. There are, 
in addition, a number of rabies-related viruses that 
on rare occasions may cause human infection; ex¬ 
amples include the Lagos bat virus (isolated from 
bats and cats), the Mokola virus (shrews and dogs), 
the European bat virus, and the Duvenhage virus 
prototype strains (bats). These viruses differ anti- 
genically from the classic rabies viruses, engender¬ 
ing concern that current vaccines may not protect 
against them. 

Despite its lethal effect on living tissue, the rabies 
virus survives very poorly in the environment. It is 
rapidly inactivated by desiccation, ultraviolet and 
x-ray irradiation, sunlight, trypsin, B-propiolactone, 
ether, and detergents. 181 It is, however, stable for 
many years when frozen at -70°C or freeze-dried 
and held at 0°C to 4°C. 

Epidemiology 

Transmission 

Rabies viruses are transmitted largely by the bite 
of an infected animal; however, nonbite exposures 
have also been reported in which the victim was 
licked by an animal suspected of being rabid. 182,183 
Airborne transmission has been confirmed in two 
settings: in caves inhabited by bats (from aero¬ 
solized bat urine) and in the laboratory. 184 Bats 
found in private homes may also pose a threat for 
rabies transmission. A fatal case of human rabies 
reported in 1995 involving a child illustrates this 
concern. A bat had been found in the child's bed¬ 
room approximately 3 weeks prior to symptoms, 
but there had been no evidence of a bite. The bat 
brain was later found to be positive for rabies by 
direct fluorescent antibody and nucleotide se¬ 
quence analysis. This case suggests that even ap¬ 
parently limited contact with bats or other animals 
infected with rabies virus may be associated with 
transmission. 185 Rabies transmission has also been 
documented to occur via corneal transplants from 
infected donors. 186 The risk for transmission of ra¬ 
bies from a patient to family members or health¬ 
care workers is extremely low; human-to-human 
transmission has been documented only in corneal 
transplant cases. 

The rabies virus can be found in wild and do¬ 
mestic animals, primarily carnivores such as dogs, 
wolves, domestic cats, foxes, skunks, raccoons, fer¬ 
rets, jackals, and mongooses. It is also found in bats 
but rarely in rabbits, rodents, or opossums. The rela¬ 
tive importance of each animal species as a vector 
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in the spread of this disease varies according to geo¬ 
graphical location. In highly industrialized coun¬ 
tries such as the United States, Canada, and many 
European countries, canine rabies has been effec¬ 
tively curtailed through canine vaccination. Dogs, 
therefore, account for less than 5% of the cases of 
animal rabies. The most common rabid domestic 
animal is now the cat. In the United States until 
1989, the most commonly rabid animal was the 
skunk. A marked transition in animal rabies has 
occurred with the recent emergence of raccoons as 
the most common rabies reservoir and coyotes as 
the newest mammalian reservoir of a canine vari¬ 
ant in Texas. 187 The ultimate reservoirs of variants 
indigenous to the United States are racoons, skunks, 
foxes, multiple species of insectivorous bats, and, 
most recently, coyotes, but in some developing 
countries (eg, parts of Asia, Africa, and Latin 
America) where canine rabies has not been ad¬ 
equately controlled, dogs still account for more than 
90% of reported cases in animals, posing a substan¬ 
tially higher risk of transmission. Animals are usu¬ 
ally infective (shedding virus) at least 3 to 5 days 
(and in some animals, such as Ethiopian dogs, up 
to 14 days) before clinical signs of rabies appear. 
As a general rule, suspected rabid animals should 
be observed for at least 10 days after the bite. Since 
the preshedding incubation period in dogs may 
extend for several months, rabies-free areas such 
as Hawaii require a period of animal quarantine 
before entry. Rabid animals continue to shed virus 
during the course of the disease. 

Geographic Distribution 

The worldwide incidence of human rabies is not 
known, but it has been reported from every conti¬ 
nent except Australia (the two Australian cases re¬ 
ported in 1987 and 1990 were contracted in other 
countries) 188 and the Antarctic. The rabies-related 
viruses appear to be limited to Africa and Europe, 
but these are areas to which American military per¬ 
sonnel are frequently deployed. 

Incidence 

The World Health Organization estimates that 
35,000 rabies deaths occur each year. 189 More than 
99% of the cases have occurred in those areas where 
canine rabies is still endemic, especially China and 
India. In contrast, only 1 of 9 rabies cases believed 
acquired in the United States between 1980 and 1993 
was canine-associated, while 10 of 11 cases acquired 
outside the United States were canine-associated. 


Six of the nine rabies cases acquired in the United 
States were attributable to bats. 190-194 

The incidence of human rabies in the United 
States has recently increased, with rabies variants 
associated with bats predominating among indig¬ 
enously acquired cases. Between January 1990 and 
June 1997, there were 24 human cases of rabies di¬ 
agnosed in the United States, compared to only 10 
cases diagnosed during the preceding decade. 
Among these 24 cases, 19 were acquired in the 
United States, with 17 (89%) attributable to bats. 
Five of those cases were caused by canine variants 
characteristic of those occurring in Mexico, Haiti, 
India, and Nepal. 

Pathogenesis and Clinical Findings 

The pathogenesis of rabies virus infection is not 
entirely understood. While it is highly neurotropic 
and the infection is largely restricted to nervous tis¬ 
sue, the first site of attachment is believed to be the 
plasma membrane of muscle cells. 195 

The incubation period following bite exposure 
is usually between 20 and 90 days; however, a wide 
range of incubation periods has been reported, 
varying from as short as 4 days to as long as 19 
years. 196 Most cases have incubation periods of less 
than 1 year. Bites on the head generally have shorter 
incubation periods (25 to 48 days) than those in¬ 
volving the extremities (46 to 78 days). 197 

The prodrome associated with rabies infection is 
very nonspecific; symptoms include malaise, fa¬ 
tigue, headache, anorexia, fever, cough, chills, sore 
throat, abdominal pain, nausea, vomiting, and di¬ 
arrhea. Prodomal sensations at the bite site are 
sometimes reported. This may last for 2 to 10 days, 
followed by the acute onset of neurologic symptoms 
that herald central nervous system involvement. 
This stage of the disease usually presents in either 
one of two ways—a "furious" form or "paralytic" 
form—and lasts for 2 to 7 days. 

Furious rabies is the more common presentation 
and is characterized by hyperactivity, disorienta¬ 
tion, hallucinations, bizarre behavior, and auto¬ 
nomic instability with hyperthermia, hypertension, 
and hypersalivation. Over half of these patients will 
experience pharyngeal, laryngeal, and diaphrag¬ 
matic spasms when attempting to drink liquids. 
This causes choking, gagging, and aspiration and 
results in hydrophobia. Similarly, aerophobia may 
be present since blowing air in the face may also 
precipitate these spasms. Numerous potential 
complications may develop and require specific 
treatment. Some of the more serious ones include 
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hypoxia, cardiac arrhythmias, hypotension, and ce¬ 
rebral edema. 

The paralytic form of rabies occurs in approxi¬ 
mately 20% of patients and is characterized by ei¬ 
ther a generalized and symmetric paralysis or an 
ascending paralysis. In contrast to furious rabies, 
hyperactivity is absent, but mental status changes 
are common. They usually progress from agitation 
to confusion and disorientation and finally to coma. 

Diagnostic Approaches 

For the patient presenting with clinical signs and 
symptoms of hydrophobia and hyperactivity, espe¬ 
cially with known exposure to a rabid animal, ra¬ 
bies should be the leading diagnosis. Aside from 
this clinical scenario, it is very difficult to distin¬ 
guish rabies from other forms of viral encephalitis. 
It is important, however, to consider other causes, 
particularly treatable ones such as herpes simplex 
encephalitis. Post-vaccinal encephalomyelitis follow¬ 
ing immunization with Semple type (nerve tissue- 
derived) rabies vaccine should also be considered. 
Other central nervous system processes may also 
mimic rabies, including seizure disorders, cere¬ 
brovascular accidents, intracranial mass lesions, 
and atropine poisoning. Hysterical reactions to ani¬ 
mal bites (pseudohydrophobia) are sometimes seen 
in patients who are extremely fearful of develop¬ 
ing rabies. Paralytic rabies may be confused with 
poliomyelitis, Guillain-Barre syndrome, and trans¬ 
verse myelitis. 

Human rabies is very difficult to diagnose early in 
the course of the illness because of the nonspecific 
prodrome. A good history, especially of exposure, 
and a high index of suspicion are very important. 
Alterations in the hematologic profile and blood 
chemistries are mild, nonspecific, and not helpful 
diagnostically. Cerebrospinal fluid (CSF) examina¬ 
tion is likely to demonstrate a mononuclear pleo¬ 
cytosis (60% to 85%), but CSF glucose and protein 
are usually normal. Electroencephalography may 
show generalized slowing or paroxysmal bursts of 
spike potentials. Computerized tomography and 
magnetic resonance imaging may show diffuse en¬ 
hancement, but such findings are not specific for 
rabies encephalitis. Furthermore, these imaging 
techniques may be normal even in patients with 
advanced rabies encephalitis. 

Definitive laboratory diagnosis is by detection of 
the rabies antigen or antibody or isolation of the 
virus. The most reliable test early in the disease re¬ 
quires a nuchal skin biopsy with immunofluorescent 
staining for rabies antibody. Procedurally, a 6- to 8- 


mm full-thickness wedge or punch biopsy specimen 
is taken from the nape of the neck above the hair¬ 
line. It should be placed in a vial with a piece of 
moist filter paper and stored at -70°C until shipped; 
it should not be placed in formalin. This test is more 
sensitive than corneal impression smears for viral 
antigen and has about 50% positivity during the 
first week of illness. 198 Corneal impression tests, 
however, should still be done on every suspected 
case of human rabies, because the test may be posi¬ 
tive before the neutralizing antibodies appear in 
serum. 199 This test involves the immunofluorescent 
antibody staining of epithelial cells, which are ob¬ 
tained by pressing a clean glass microscope slide 
firmly against the cornea and rocking gently to in¬ 
crease the number of cells that stick to the slide. 200 
The sensitivity of this test varies anywhere from 
31% 201 to 41% 202 and is greatly affected by the num¬ 
ber of corneal epithelial cells on a slide. 

The role and timing of brain biopsy in the diag¬ 
nosis of rabies encephalitis is not clearly defined. 
Brain biopsy in the past has offered the best pros¬ 
pect for identifying virus by fluorescent antibody 
tests (sensitivity 99%, specificity 100%) or the pres¬ 
ence of the characteristic cytoplasmic inclusions 
called Negri bodies (sensitivity 90%, specificity 
greater than 99%), 203 but the regions of the brain (eg, 
hippocampus, horn of Ammon, cerebellum, brain 
stem) where the virus is most commonly found are 
not easily accessible for biopsy. Specimens obtained 
from other areas of the brain may be normal, so a 
negative biopsy does not rule out rabies. 

The standard test for rabies-neutralizing anti¬ 
body is the rapid fluorescent focus inhibition test, 
which is positive in 50% of patients by the 8th day 
of clinical illness and in almost all patients by the 
end of the second week (sensitivity 95% to 100%, 
specificity 100%). 204 

Viral isolation has been a disappointing tool for 
identifying rabies infection. Rabies virus has been 
isolated ante mortem from a variety of human body 
fluids and tissues, including saliva, urine, tracheal 
secretions, CSF, and brain tissue, but the yield is 
very low. Postmortem, rabies virus has been isolated 
from skin at the site of the bite and from tissue from 
the pericardium, adrenal gland, pancreas, liver, and 
bladder. Nested polymerase chain reaction is a two- 
step amplification method that has been successful 
in detecting the rabies virus. The sensitivity of this 
technique is reported to be 8 picograms of rabies 
virus-specific RNA, with no false-positive results. 205 
In addition, decomposition of specimens has mini¬ 
mal effect on nested polymerase chain reaction de¬ 
tection of rabies viral RNA. 
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Unfortunately, these specific diagnostic tests will 
rarely be available in the field setting, so clinical 
awareness is essential. 

Recommendations for Therapy and Control 
Therapy 

Wounds should be thoroughly and vigorously 
washed immediately with a 20% soap solution, fol¬ 
lowed by debridement when appropriate. This 
simple maneuver alone reduces the risk of rabies 
by up to 90%. 206,207 Sutures should be avoided when¬ 
ever possible and occlusive dressings or topical 
ointments should not be used. If sutures are used, 
they should be placed after local infiltration with 
human rabies immunoglobulin (HRIG) and should 
fit snugly but not too tightly. Antimicrobial prophy¬ 
laxis should be considered for a moderate-to-severe 
injury that has occurred within 8 hours, especially 
if there is possible bone or joint penetration and for 
wounds involving the hands. The antibiotic of 
choice is the combination of amoxicillin/ clavulanic 
acid 250-500 mg given three times a day for 3 to 5 
days. This will kill most bacteria associated with bite 
wounds, which include Pasteurella multocida, Staphy¬ 
lococcus aureus, and anaerobic organisms. For those 
allergic to penicillin, a combination of clindamycin 
and ciprofloxacin should provide comparable antimi¬ 
crobial coverage. In addition, the patient's tetanus 
immunization status should be addressed. 

Antiviral agents, such as adenosine arabinoside 
and isoprinosine, have been ineffective for treat¬ 
ment of clinical rabies. Treatment with human leu¬ 
kocyte interferon (peripherally and intrathecally) 
has been unsuccessful. 208 HRIG also has been shown 
to be ineffective, and there is concern that it may 
exacerbate the disease process. 

Management is largely supportive, with inten¬ 
sive respiratory and cardiovascular monitoring and 
support. In the field, the air-evacuation process 
must be started as soon as this diagnosis is sus¬ 
pected. Steroids, which are often administered for 
cerebral edema (one of the possible complications 
of rabies), should be avoided because they have 
been shown to increase rabies mortality in experi¬ 
mentally infected animals and to decrease the im¬ 
mune response to vaccines. 

Control 

Infection Control. Infection control procedures 
for patients with known or suspected rabies infec¬ 
tion should include standard, contact, and droplet 


precautions. 209 Standard precautions apply to blood, 
all body fluids, secretions, excretions (except for 
sweat), nonintact skin, and mucous membranes. 
Handwashing and the use of gloves, nonsterile 
gowns, masks, and eye protection or face shields 
are extremely important when patient-care activi¬ 
ties are likely to generate splashes or sprays. And 
in accordance with contact precautions, the patient 
should be placed in a private room and movement 
of the patient from the room should be limited to 
essential purposes only. Droplet precautions require 
the use of a mask whenever working within 3 feet 
of the patient, even if splashes or sprays are not 
likely. Special air handling and ventilation are not 
necessary. 

For contacts of patients with proven rabies, ex¬ 
posures for which prophylaxis may be recom¬ 
mended include: (a) bites, with penetration of skin 
by teeth, ( b ) exposure to the patient's saliva or other 
potentially infectious material in direct contact with 
mucous membranes or broken skin, and (c) scalpel 
nicks or needle sticks if the instrument was in con¬ 
tact with the patient's CSF, nervous tissue, ocular 
tissue, or internal organs. 210 

Prevention. Rabies prevention includes a variety 
of components: vaccination of animals, minimiza¬ 
tion of exposure to potentially infected animals, 
proper management of animals that bite humans, 
preexposure prophylaxis for selected high-risk per¬ 
sons, and postexposure prophylaxis that includes 
wound management, passive immunization, and 
active immunization when indicated. 

Animal Measures . In the United States, local gov¬ 
ernments are responsible for initiating and main¬ 
taining effective programs to ensure vaccination of 
all dogs and cats and to remove strays and un¬ 
wanted animals. This has resulted in a decline of 
laboratory-confirmed rabies cases in dogs from 
6,949 in 1947 to 130 in 1993. Preexposure vaccina¬ 
tion is very important in the control of rabies in 
these animals. There are at least 28 rabies vaccines 
(inactivated) for animals marketed in the United 
States and recommended by the National Associa¬ 
tion of State Public Health Veterinarians. 211 

Livestock, as a rule, are not vaccinated, but im¬ 
munization should be considered for animals that 
might have frequent contact with humans in areas 
where rabies is epizootic in wild animals. Rabies 
control in wildlife through oral vaccination (via 
aerial drops of bait containing the vaccine) has been 
successful in controlling rabies in red foxes in Eu¬ 
rope and Canada. 212,213 Similar programs in the 
United States have targeted raccoons, coyotes and 
foxes. Population reduction of wildlife rabies res- 
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ervoirs is not a recommended or cost-effective 
method for rabies control. 214 This is especially true 
with bats, so human and domestic animal contact 
with bats should be minimized. Bats should be 
physically excluded from houses and surrounding 
structures by sealing potential entrances. 211 In ad¬ 
dition, bats should never be handled unless appro¬ 
priate safety precautions are taken, especially by 
untrained and unvaccinated persons. Bats should 
never be kept as pets. 

Other measures to limit exposure include the re¬ 
moval of all stray dogs and cats from the commu¬ 
nity. This is especially important when military 
personnel are deployed to areas where rabies is 
epizootic. Personnel deployed to countries where 
rabies is enzootic should avoid unnecessary con¬ 
tact with wild or domesticated animals. It may be 
useful to establish an official "no-mascot" policy, 
strictly forbidding such contact. 

A healthy dog or cat that bites a person should 
be confined and observed for at least 10 days. This 
recommendation is based on studies that observed 
that the virus was not isolated from the saliva of a 
rabid cat earlier than 1 day before the onset of clini¬ 
cal rabies and was not isolated from a rabid dog 
earlier than 3 days before onset. 215,216 There are a few 
reports of long periods of symptom-free virus ex¬ 
cretion in dogs infected with rabies viruses from 
Ethiopia and India; this prompted some rabies-free 
areas to require a 6-month quarantine before en¬ 
trance is allowed. 217 Following a long campaign for 
change by the US Army, Hawaii, a rabies-free state, 
recently reduced the quarantine time for dogs and 
cats from 4 months to 30 days if certain conditions 
are met. 218 Dogs and cats under quarantine should 
be evaluated by a veterinarian at the first sign of 
illness. If signs of rabies are present, the animal 
should be euthanized and the head carefully re¬ 
moved to prevent damage to the brain that would 
preclude proper pathologic examination. The head 
should then be packed in ice but not frozen and sent 
for histologic examination and culture for the ra¬ 
bies virus. Any stray or unwanted dog or cat that 
bites someone should be euthanized immediately 
and examined for rabies. 

Data regarding viral shedding are limited in bats, 
raccoons, and skunks, and the risk of their harbor¬ 
ing rabies is high; therefore, unlike pet dogs and 
cats, quarantine for these animals is not recom¬ 
mended. Prophylaxis should be started promptly 
after a documented exposure, whether the animal 
is caught or not. If the biting animal or its carcass is 
available, its tissue should be tested for the pres¬ 
ence of rabies. If the results are negative, prophy¬ 


laxis may be discontinued. 

Preexposure Immunization Preexposure immu¬ 
nization with rabies vaccine usually results in pro¬ 
tective antibody levels. Preexposure immunization 
is particularly important for individuals who are 
at high risk and for persons whose postexposure 
therapy might be delayed. It promotes a rapid an¬ 
amnestic antibody response when booster doses of 
the vaccine are given to bite victims and eliminates 
the need for passive immunization with HRIG. It 
also reduces the number of vaccine doses needed if 
postexposure prophylaxis is necessary. 

Preexposure immunization is recommended for 
anyone involved in wildlife management, veterinar¬ 
ians, animal handlers, laboratory workers handling 
rabies-infected specimens, military personnel 
whose assignments expose them to an unusual risk 
of rabies. Special Operations personnel because they 
may be delayed in getting postexposure prophy¬ 
laxis, and others with frequent exposure to dogs, 
cats, foxes, raccoons, skunks, or bats. 219 

Of the number of rabies vaccines available, the 
most widely used preparation in the United States 
is the human diploid cell rabies vaccine (HDCV), 
which contains inactivated whole virus and is 
manufactured in France as a preexposure immuni¬ 
zation. It is administered intramuscularly (only in 
the deltoid region) as a 1.0 mL dose on days 0, 7, and 
28. Immunity is assumed after proper vaccination 
in a healthy individual. Additional primary doses 
are generally not necessary unless the vaccinee re¬ 
ceived an incomplete series, is immunocompromised, 
or has documented inadequate antibody titers. The 
World Health Organization considers a level of 0.5 
IU or greater to be an adequate titer, 220 which is 
roughly equivalent to complete neutralization at the 
1:25 level by the rapid fluorescent focus inhibition 
test that is recommended by the Centers for Disease 
Control and Prevention 2 to 4 weeks after primary 
vaccination. For those individuals at consistently 
high risk of exposure (eg, rabies researchers), titers 
should be checked every 6 months; for all others, 
titers should be checked every 2 years if a rabies 
risk persists. 

The rabies vaccine adsorbed, produced in rhesus 
monkey diploid cell cultures by Bioport Corporation 
of Fansing, Mich, is also licensed and available in 
the United States. It is administered intramuscularly 
as a 1.0 mL dose and has been shown to be as effec¬ 
tive as the HDCV for both preexposure and 
postexposure prophylaxis. 221 The purified chick 
embryo cell culture vaccine (RabAvert, Chiron 
Behring GmbH and Company) has been licensed 
by the Food and Drug Administration for both 
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preexposure and postexposure prophylactic use in 
humans. It provides another option for vaccine can¬ 
didates who develop a sensitivity to one of the other 


vaccines. Preexposure vaccination for persons not 
previously vaccinated consists of three 1.0 mL doses 
injected intramuscularly in the deltoid region for 



No Yes 

Stop PEP Finish PEP 

PEP: postexposure prophylaxis 


Fig. 36-7. An algorithm for human rabies postexposure prophylaxis 
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adults and in the anterolateral zone of the thigh for 
young children on days 0, 7, and either 21 or 28. 222 

Chloroquine phosphate, often given for malarial 
prophylaxis, may interfere with the antibody re¬ 
sponse to rabies vaccine. 186 Results of a randomized 
controlled study 223 indicated that chloroquine 
taken in the dose recommended for malaria pro¬ 
phylaxis can reduce the antibody response to pri¬ 
mary immunization with HDCV; however, study 
participants were vaccinated by the reduced dose 
intradermal route, which is no longer recom¬ 
mended. It is believed that injecting rabies vaccine 
intramuscularly provides a reasonable margin of 
safety in this situation. 

Postexposure Prophylaxis Very often the most 
difficult question facing the medical officer manag¬ 
ing a possible rabies case is whether or not to initiate 
postexposure prophylaxis. A simplified approach 
to this management problem is illustrated in Fig¬ 
ure 36-7. This process requires "yes" or "no" responses 
to several key questions designed to develop a ra¬ 
bies risk profile that addresses exposure and prob¬ 
ability of the animal's being infected. For exposures 
to highly suspect animals, treatment should be 
started on the patient immediately and discontin¬ 
ued if fluorescent antibody testing of the animal 
brain is negative. In cases where the risk is low, 
treatment may be delayed for up to 48 hours pend¬ 
ing the results of fluorescent antibody testing. Other 
factors often considered in deciding when to admin¬ 
ister postexposure prophylaxis include suspicious 
animal behavior and whether the attack was pro¬ 
voked. Although such observations might suggest 
a higher likelihood of rabies, they are very subjec¬ 
tive and are difficult to assess in wild animals. 224 

Expert guidance in making these decisions is 
provided at many military installations by a Rabies 
Advisory Board, which is composed of representa¬ 
tives from Preventive Medicine, Emergency Medi¬ 
cine, Pediatrics, Infectious Diseases (if available), 
and Veterinary Services. The chairman is usually 
the Preventive Medicine Officer, who is empowered 
to convene the board whenever there is suspicion 
of rabies exposure. Board members will have ac¬ 
cess to up-to-date information from local and state 
health departments on the occurrence of animal 
rabies in the area, which is critical in making deci¬ 
sions regarding postexposure prophylaxis. Local 
veterinary, animal control, and public health per¬ 
sonnel may provide needed assistance in locating 
and quarantining animals suspected of having rabies. 

The key elements of effective patient manage¬ 
ment following exposure to the rabies virus include 
local wound treatment, passive antibody adminis¬ 
tration, and vaccination (Table 36-6). 


TABLE 36-6 

RABIES POSTEXPOSURE PROPHYLAXIS 
RECOMMENDATIONS FOR ADULTS 


Previously 

Vaccinated? 

Treatment 

Regimen 

NO 

Local wound care 

Clean wound immedi¬ 
ately with soap and 
water 


HRIG 

20 IU/kg body weight: 
as much as possible 
infiltrated around 
wound site(s) and the 
remainder IM in but¬ 
tocks 


* 

Vaccine 

HDCV, RVA, or PCEC 
1.0 mL IM (deltoid 
area) on days 0, 3, 7, 
14, and 28 

YES + 

Local wound care 

Clean wound immedi¬ 
ately with soap and 
water 


Vaccine 

HDCV, RVA, or PCEC 
1.0 mL IM (deltoid), 
on days 0 and 3 


Do not inject using the same syringe as HRIG or into the same 
anatomic site 

^Either ( a) preexposure or postexposure vaccination with HDCV 
or RVA or ( b) documentation of past antibody response to any 
other rabies vaccine 

HRIG: human rabies immune globulin, HDCV: human diploid 
cell rabies vaccine, RVA: rabies vaccine adsorbed, PCEC: puri¬ 
fied chick embryo cell culture 


Passive immunization is achieved with the use 
of HRIG. This preparation has been well tolerated, 
with no reports of anaphylaxis or serum sickness 
and no reports of transmission of hepatitis or other 
viruses. A single dose of 20 IU/kg body weight is 
administered with as much of the total dose as is 
anatomically feasible infiltrated at the site of the 
wound. The remaining volume should be given in¬ 
tramuscularly in the upper outer quadrant of the 
buttocks or the anterolateral aspect of the thigh, but 
this should be an anatomical site distant from the 
site of vaccine administration. Local infiltration 
may, in some instances, be limited in wounds in¬ 
volving small anatomic areas such as fingertips. 
Any person with a previous history of preexposure 
or postexposure vaccination with HDCV or rabies 
vaccine adsorbed should not be given HRIG. The 
administration of HRIG is unnecessary and con¬ 
traindicated because of the potential interference 
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with an anamnestic response to booster vaccination. 

During some overseas deployments, HRIG may 
be unavailable. In the past, the only available alter¬ 
native had been heterologous antiserum of equine 
origin (ARS, anti-rabies serum), but this prepara¬ 
tion was associated with serum sickness in 16% of 
recipients in one study. 225 Although not licensed in 
the United States, a purified antirabies sera of 
equine origin (ERIG, equine rabies immune globu¬ 
lin) is available. In developing countries, ERIG may 
be the only viable alternative. The incidence of ad¬ 
verse reactions with ERIG has been low (0.8% to 
6.0%), and the reactions have largely been minor. 226 

If in an area where only ERIG (or even ARS) is 
available, the decision to prophylax should take into 
account individual sensitivity to horse serum and 
the severity and likelihood of rabies exposure. 
Predeployment planning should include consider¬ 
ation for preexposure prophylaxis when the area 


Introduction and Military Relevance 

Tularemia (rabbit fever, deer-fly fever, Ohara dis¬ 
ease) is a zoonotic bacterial disease caused by 
Francisella tularensis. Clinical recognition of tulare¬ 
mia and the epidemiology, diagnosis, treatment, and 
prevention of this disease are important military medi¬ 
cine capabilities. Transmission of tularemia can oc¬ 
cur by direct inoculation of contaminated animal 
tissue, by ingestion of contaminated meat or water, 
and by bites from infected ticks, deer flies, and 
mosquitoes. The variety of clinical presentations of 
tularemia and the confusion of it with other infec¬ 
tious diseases underscore the importance of rapid 
diagnosis and a detailed history of travel and ani¬ 
mal and arthropod exposure. In addition, the viru¬ 
lence of the bacterium, its transmissibility, and its 
capacity to induce significant morbidity make F 
tularensis a potential biological warfare agent. 

Description of the Pathogen 

The causative agent of tularemia is Francisella 
tularensis. F tularensis is a small, gram-negative, 
oxidase-negative, aerobic, nonmotile coccobacillus 
that can cause disease with as few as 10 organ¬ 
isms. 229 There are two distinct subspecies: F 
tularensis, biovar tularensis (type A), which produces 
virulent infections, and F tularensis, biovar palaearctica 
(type B), which produces infections that are often 
milder and indolent. Francisella organisms can sur¬ 
vive for extended periods of time in water, mud, 
and animal carcasses. 


of operation is located in countries where HRIG is 
not likely to be available. 

Active immunization in persons not previously 
vaccinated consists of five 1.0 mL intramuscular doses 
of HDCV, RVA, or RabAvert vaccine into the deltoid 
region in adults or the anterolateral zone of the thigh 
for children; the first dose is given as soon as possible 
after exposure (day 0) and repeated on days 3, 7, 14, 
and 28. If the patient has been previously immunized, 
only two 1.0 mL injections on days 0 and 3 are needed. 
Vaccine should not be injected by the same syringe 
used to inject HRIG or at the same. 

Postexposure treatment failures are uncommon, 
but they do occur and are more likely when one or 
more of these measures is omitted. One of the most 
common errors is the omission of passive immuni¬ 
zation. 227 In other cases, local wound cleansing was 
omitted or post-exposure treatment was delayed. 228 

[Clifton A. Hawkes] 


Epidemiology 

Transmission 

Reservoirs for this organism in nature include 
many species of birds and wild animals (eg, rab¬ 
bits, muskrats, squirrels, skunks, coyotes, beavers, 
water rats) and domesticated cats. 230 Direct and in¬ 
direct transmission to humans typically occurs 
through the bite of infected animals 231 or the han¬ 
dling of blood or tissue or both while skinning and 
dressing rabbits or other infected animals. 232,233 Tu¬ 
laremia can be acquired from the consumption or 
handling of insufficiently cooked meat contami¬ 
nated with the organism, through drinking or skin 
contact with contaminated water, and through con¬ 
tact with contaminated animal skins (Figure 36-8). 
F tularensis is resistant to freezing; rabbit meat re¬ 
mains infectious after being frozen for more than 3 
years. Inhalation of bacteria from the dust of con¬ 
taminated soil and occupational exposure from 
farming have been reported. 234 Along with the res¬ 
piratory route, other mucous membranes (eg, ocu¬ 
lar, oropharyngeal) are potential points of entry for 
the organism. There is no person-to-person trans¬ 
mission. The potential for laboratory acquisition 
from aerosolized organisms is high, and cultures 
should not be obtained because of the danger to 
laboratory personnel. 

Vectors that can transmit the disease to humans 
include mosquitoes, deer flies ( Chrysops discalis), 
and ticks (eg, Dermacentor andersoni, D variabilis, 
Amblyoma americanum ). Ticks may be infected 
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Fig. 36-8. The transmission cycle of Francisella tularensis. Art by Annabelle Wright, Walter Reed Army Institute of 
Research; research by Amelia Poisson. 


throughout their lifetime and can transovarially 
pass the organisms to their progeny. 

Geographic Distribution 

Type A strains are limited to North America, par¬ 
ticularly to the states of Arkansas, Oklahoma, South 
Dakota, and Missouri. 235 Type B strains are found 
in the northern hemisphere, including North 


America, Europe, Russia, China, and Japan. F 
tularensis has not been found in Africa or South 
America. 

Incidence 

Approximately 200 cases of tularemia are re¬ 
ported in the United States per year. 236 The highest 
incidence of tularemia occurs in the summer 
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months, when tick-borne transmission occurs. A 
second peak occurs in the winter, presumably with 
the increase in hunting wild animals such as rab¬ 
bits. Transmission of the organism is not stable and 
can vary from year to year. 

Pathogenesis and Clinical Findings 

F tularensis is highly infectious; as few as 10 to 
50 organisms can establish an infection through in- 
tracutaneous inoculation or via inhalation of aero¬ 
solized bacteria. Factors that contribute to the 
pathogenesis of the disease include the virulence 
of the organism, route of entry, age and immune 
status of the patient, and systemic involvement. 
Type A organisms are typically more virulent than 
Type B organisms, and less virulent strains may 
cause infections that resolve without treatment. The 
molecular basis for virulence of the organisms is 
unknown. F tularensis is an intracellular organism 
primarily of cells of the reticuloendothelial system, 
including macrophages, edothelial cells, and hepato- 
cytes. The organism multiplies within macrophages, 
resisting intracellular destruction by preventing 
lysosome-phagosome fusion. A cellular-mediated 
immune response by the host attempts to control 
the infection by activation of T lymphocytes with 
consequent production of interferon-gamma and 
tumor necrosis factor. These cytokines activate 
macrophages through the production of reactive oxy¬ 
gen and nitrogen products that kill the intracellu¬ 
lar organism. 

The route of inoculation of the bacteria often pre¬ 
dicts the clinical presentation of the disease, and 
the severity of illness depends on the virulence of 
the organism. 237,238 The clinical presentation of this 
disease can be confused with other infections, such 
as plague, staphylococcal and streptococcal infec¬ 
tions, cat-scratch fever, and sporotrichosis, so an 
accurate clinical description that leads to a rapid 
diagnosis and the expeditious institution of therapy 
is required. There are six clinical forms of tulare¬ 
mia: glandular, ulceroglandular, typhoidal, pulmo¬ 
nary, oculoglandular, and oropharyngeal. 

The most common forms of infection are classi¬ 
fied as glandular or ulceroglandular tularemia. A 
localized, nonhealing, punched-out circular ulcer 
with raised borders forms at the site of inoculation 
in the skin and leads to lymphadenopathy and lym¬ 
phadenitis in 90% of ulceroglandular tulaeria. In 
many cases, an ulcer or erythematous papule may 
not be clinically evident in glandular tularemia, and 
the only manifestation of infection is a relatively 
nonspecific regional lymphadenitis and systemic 


illness. The incubation period for the disease is ap¬ 
proximately 3 days (range of 2 to 10 days). Fever is 
the primary sign of infection, and flu-like symptoms 
appear before or concurrent with swelling and pain 
in regional lymph nodes. Fever may last for up to 3 
weeks in approximately 20% of cases treated with 
appropriate antibiotics. 

The other major classification of tularemia is a 
systemic illness called typhoidal tularemia. It is the 
most frequently fatal form of the disease and re¬ 
sults from rapid dissemination of the organism into 
multiple organs by hematogenous spread. This form 
of the disease may occur in patients with underly¬ 
ing illness, poor nutritional state, alcohol abuse, or 
chronic renal failure. Splenomegaly may be ob¬ 
served in 15% to 20% of the patients, but hepatome¬ 
galy is less common. Typhoidal tularemia in a 
healthy service member suggests an aerosol expo¬ 
sure, as may occur in a laboratory or during a 
bioterrorist event. 

A major complication of typhoidal tularemia is 
the appearance of tularemic pneumonia, which may 
occur regardless of the initial route of entry but is 
three times more common in typhoidal disease than 
other forms of tularemia. Pulmonary symptoms are 
characterized by a nonproductive cough, pleuritic 
chest pain, dyspnea on exertion, malaise, fever, and 
myalgias. Radiographic findings may be normal or 
may show pulmonary infiltrates that mimic fungal 
and other bacterial pneumonias, tuberculosis, or 
malignancy. 236 Hilar adenopathy can be seen in 36% 
of tularemia pneumonia. 234 Pleural effusions com¬ 
plicating tularemic pneumonia are rare, but pleu¬ 
ral-based granulomatous inflammation secondary 
to F tularensis infection has been reported and can 
be confused with the more common Mycobacterium 
tuberculosis infection. 238 The mortality rate from tu¬ 
laremic pneumonia is high. 236 

Other less common forms of tularemia include 
oropharyngeal tularemia; this results from the in¬ 
gestion of infectious organisms and may induce 
pharyngitis, diarrhea, abdominal pain, and emesis. 
Oculoglandular tularemia is extremely rare and is 
acquired by the direct inoculation of bacteria into 
the conjunctival sac. Dermatological manifestations 
of the disease may include erythema nodosum and 
erythema multiforme. 237 

Rarely, Francisella organisms can cause meningi¬ 
tis, with cerebral spinal fluid findings of an elevated 
protein level and a predominance of mononuclear 
cells. 239 A precise history of rabbit and cat exposure 
should be elicited and therapy immediately initi¬ 
ated if other more common causes of meningitis are 
excluded. 
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Diagnostic Approaches 

The current methods for the diagnosis of infec¬ 
tions caused by F tularensis are unsatisfactory. The 
diagnosis of tularemia by serology, either by serum 
agglutination or enzyme-linked immunosorbent 
assay, remains the method of choice. 240 Serum ag¬ 
glutination titers documenting a 4-fold increase in 
titer between acute and convalescent sera or an ab¬ 
solute titer of 1:160 or greater aid in the diagnosis 
of exposure to F tularensis, but cross-reactions with 
Brucella species, Proteus species, and heterophile 
antibodies are known to occur. Antibodies to the 
Francisella organism typically appear after the sec¬ 
ond week of infection, and it is not unusual to have 
negative serologic agglutination tests despite acute 
infection. Therefore in the absence of definitive di¬ 
agnosis, a presumptive diagnosis based on clinical 
presentation and epidemiologic exposure mandates 
aggressive treatment. The organism may be identi¬ 
fied directly by fluorescent antibody assays on 
specimens obtained from an ulcer exudate or a 
lymph node aspirate. If a biopsy is done, appropri¬ 
ate antibiotics may be given to avoid the potentially 
resultant bacteremia. 

In some rare cases, F tularensis can be directly 
cultured from aspirates of ulcers, from pleural fluid, 
or from blood. 241 However, culture of this highly 
infectious bacterium should only be attempted in a 
biosafety level 3 laboratory. Special media contain¬ 
ing cysteine or cystine for growth are required to 
isolate the organism. Modified Muellar-Hinton 
broth, chocolate blood agar, and modified charcoal 
yeast extract agar have been used to isolate the bac¬ 
terium. 240 The bacteria grow as smooth, blue-gray 
colonies, and identification as Francisella can be 
made by slide agglutination using commercially 
available antisera. The polymerase chain reaction 
has been used to rapidly and accurately identify 
Francisella from clinical specimens but is currently 
a research tool not generally available in the clini¬ 
cal microbiology laboratory. 242,243 

Recommendations for Therapy and Control 

Therapy 

Factors to be considered in the treatment of tula¬ 
remia include the natural resistance of F tularensis 
to all penicillins and other (3-lactams, the intracel¬ 
lular environment of the organism, the organism's 
tendency to cause suppurative adenitis, and the 
need for both parenteral antibiotics in severe infec¬ 
tion and oral antibiotics for localized ulceroglandular 


disease. Another consideration when choosing an 
antibiotic regimen is whether the infection has been 
diagnosed with certainty or the diagnosis is based 
solely on the history or clinical examination. Since 
treatment with antibiotics that cannot penetrate 
cells fails to eliminate the bacteria and frequently 
results in clinical relapse, treatment should be di¬ 
rected toward the elimination of both extracellular 
and intracellular forms of the bacteria. Factors that 
increase the risk of clinical relapse include under¬ 
lying immunosuppression, insufficient duration of 
therapy, and the use of bacteriostatic rather than 
bacteriocidal antibiotics. 236 

The antibiotic of choice in the treatment of tulare¬ 
mia is streptomycin (1 g intramuscularly four times 
a day for 10 to 14 days). 244,245 However, alternative 
antibiotics with comparable efficacy to streptomycin 
but with less potential for the adverse side effects 
of ototoxicity and nephrotoxicity have been sought. 
Gentamicin, another bactericidal aminoglycoside, 
is an adequate alternative to streptomycin and has 
been successfully used to treat the disease in both 
the adult 246 and pediatric population, 247 albeit with 
a greater relapse rate (6%). 248 Caution should be 
exercised when using gentamicin alone because of 
its variability in cell penetration, the higher fre¬ 
quency of relapses, and the need to maintain high 
blood levels of the antibiotic. Treatment with gen¬ 
tamicin (5 mg /kg) to maintain blood levels at ap¬ 
proximately 5 pg/ mL should continue for 10 to 14 
days. Tetracycline is efficacious, but again, higher 
relapse rates occur, which may be a function of its 
bacteriostatic activity. Oral quinolones, such as 
ciprofloxacin (500-750 mg twice a day for 10 to 30 
days), have been shown to be particularly effica¬ 
cious, with resolution of fever within 2 days of be¬ 
ginning therapy and fewer documented relapses 
than tetracycline or the aminoglycosides. 248,249 Be¬ 
cause of its excellent bactericidal activity, stability 
in an acidic environment, and levels of antibiotic 
achieved in soft tissues, ciprofloxacin is an excel¬ 
lent alternative in culture-proven Francisella infec¬ 
tions and may become the antibiotic of choice for 
suspected but not proven infection. 

In vitro antimicrobial susceptibility testing does not 
correlate with clinical response and should not be 
used to direct the choice of antibiotics. Cephalospor¬ 
ins, such as cefotaxime, ceftazidime, and ceftriaxone, 
have in vitro activity against Francisella 250 but no 
in+vivo efficacy. 251 For cases of suspected tularemic 
meningitis, chloramphenicol should be added to the 
streptomycin treatment regimen. 252 A single case 
report showed that imipenem (500 mg intrave¬ 
nously every 8 hours for 14 days) can achieve clini- 
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cal cure with no relapse. 253 The best indicator of re¬ 
sponse to therapy is the resolution of fever, which 
usually falls within 3 days of instituting therapy. 247 

Control 

Protective measures that minimize contact with 
and infection by F tularensis include avoiding po¬ 
tentially contaminated drinking water, refraining 
from bathing and swimming in untreated water, 
and wearing protective clothing and insect repel¬ 
lent to protect against transmission by mosquitoes, 
ticks, and flies. Wild rabbit and rodent meat must 
be carefully handled and thoroughly cooked. For 
laboratory workers who may come in contact with 


the bacteria, the importance of the use of gloves and 
masks is obvious. Although quarantine is not indi¬ 
cated, universal secretion precautions should be 
taken when working with patients who have open 
lesions. 

There is no licensed vaccine against tularemia. 
However, a live attenuated vaccine for laboratory 
personnel exposed to F tularensis has been shown 
to be safe and partially efficacious. 254 This vaccine 
is held under an investigational new drug protocol 
by the US Army Medical Research Institute of In¬ 
fectious Diseases, Fort Detrick, Md. Postexposure 
prophylaxis with doxycycline, as may occur after a 
biological warfare incident, may be beneficial. 255 

[Christian F. Ockenhouse] 


ANTHRAX 


Introduction 

Anthrax, a zoonotic disease caused by Bacillus 
anthracis, occurs in domesticated and wild ani¬ 
mals—primarily herbivores such as goats, sheep, 
cattle, horses, and swine. Humans usually become 
infected by contact with infected animals or con¬ 
taminated animal products. Natural infection oc¬ 
curs most commonly via the cutaneous route and 
only very rarely via the respiratory or gastrointes¬ 
tinal routes. There are typical manifestations asso¬ 
ciated with each of these three routes. 

The US military's primary concern with anthrax 
is with its potential use as a biological weapon, for 
which anthrax is suited because of the infectious¬ 
ness of its spores by the respiratory route and the 
high mortality of inhalational anthrax. This concern 
was heightened after the revelation that the largest 
epidemic of inhalational anthrax in the 20th cen¬ 
tury occurred when anthrax spores were acciden¬ 
tally released from a military research facility in 
Sverdlovsk, USSR, in 1979. Cases were also reported 
in animals located more than 50 km from the 
site. 256,257 Another concern is that as the US military's 
mission expands to include more worldwide hu¬ 
manitarian efforts, service members are increasingly 
likely to encounter unvaccinated livestock that may 
have anthrax. 

Description of the Pathogen 

Bacillus anthracis is a large, gram-positive, spore¬ 
forming, nonmotile bacillus (1-1.5 pm by 3-10 pm) 
that forms a prominent capsule in tissue. The en¬ 
capsulated bacterium occurs singly or in chains of 
two or three bacilli. The organism does not form 


spores in living tissue; sporulation occurs only af¬ 
ter the infected body has been opened and exposed 
to oxygen. The spores are very stable and may sur¬ 
vive in soil for decades under favorable conditions. 

Epidemiology 

Transmission 

Anthrax in humans is nearly always associated 
with direct exposure to infected animals or to con¬ 
taminated animal products. Animals, either domes¬ 
tic or wild, become infected when they ingest spores 
from the soil. Humans rarely, if ever, contract an¬ 
thrax directly from the soil unless they are work¬ 
ing with contaminated bone meal fertilizer. Expo¬ 
sure usually occurs through handling spore-laden 
carcasses, hides, wool, hair, or bones, often in an 
industrial setting. Cutaneous lesions, by far the 
most common form of anthrax, occur on exposed 
parts of the body (eg, arms, neck, face). Inhalation 
of a sufficient quantity of spores results in inhala¬ 
tional anthrax. This uncommon but lethal disease 
occurs most often in those processing contaminated 
wool or animal hair in an enclosed space. This is 
the form of anthrax that has potential as a biologic 
weapon. Finally, oropharyngeal or gastrointestinal 
anthrax can arise from eating poorly cooked, con¬ 
taminated meat. This form of the disease is also 
quite rare. 

There is no proven vector for transmission, al¬ 
though it has been suggested that anthrax in ani¬ 
mals has been spread by biting flies carrying spores 
from one grazing area to another. 258 No evidence 
exists for a similar mechanism in humans. Human- 
to-human transmission does not occur in inhala- 
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tional anthrax and has been reported in only two 
cases of cutaneious disease. 259-261 

Geographic Distribution 

Anthrax occurs worldwide, existing as a spore. 
Human cases of anthrax continue to be reported 
from Africa, Asia, Europe, and the Americas. 262 The 
threat of anthrax is increased when there is a con¬ 
current epizootic in the region, particularly in cattle. 
Environmental conditions such as drought, which 
may promote trauma to the oral cavity of grazing 
animals, are thought to increase the chances of an 
animal acquiring anthrax. 263 

Incidence 

In the United States, the annual incidence of hu¬ 
man anthrax has steadily declined from approxi¬ 
mately 127 cases in the early years of the 20th century 
to about 1 per year in the 1990s. The vast majority of 
cases have been cutaneous. Under natural condi¬ 
tions, inhalational anthrax is exceedingly rare, with 
only 18 cases having been reported in the United 
States in the 20th century. 264 During times of eco¬ 
nomic hardship and disruption of veterinary and 
human public health practices, such as occurs dur¬ 
ing war, there have been large epidemics of anthrax. 
The largest reported epidemic of human anthrax 
occurred in Zimbabwe from 1978 through 1980, 
with an estimated 10,000 cases. Nearly all these 
were cutaneous. 258,265,266 Incidence increases during 
the spring and summer months. 

Units located in rural areas, particularly those in 
which there has been recent socioeconomic disrup¬ 
tion leading to poor animal husbandry, should be 
aware of the increased risk of human anthrax in the 
presence of animal anthrax. If the stay is prolonged, 
it may be worthwhile to assist the community in 
immunizing their herds against anthrax. 

Pathogenesis and Clinical Findings 

B anthracis possesses three known virulence fac¬ 
tors, which are an antiphagocytic capsule and two 
protein exotoxins (called the lethal and the edema 
toxins). The anthrax toxins possess two compo¬ 
nents: (1) a shared cell-binding, or B, domain and 
(2) a distinct active, or A, domain that has the toxic 
activity. Both components are required for biologic 
activity. 267-269 

Infection begins when the spores are inoculated 
through the skin or mucosa. It is thought that spores 


are ingested at the local site by macrophages and 
germinate into the vegetative bacilli that produce a 
capsule and toxins. At these sites, the bacilli are re¬ 
leased from the macrophage, proliferate, and pro¬ 
duce the edema and lethal toxins that impair host 
leukocyte function and lead to the distinctive patho¬ 
logical findings of edema, hemorrhage, tissue ne¬ 
crosis, and a relative lack of leukocytes. 

In inhalational anthrax, the spores are ingested 
by alveolar macrophages, which transport them to 
the regional tracheobronchial lymph nodes, where 
germination occurs. 270 Once in the tracheobronchial 
lymph nodes, the local production of toxins by ex¬ 
tracellular bacilli gives rise to the characteristic 
pathological picture of massive hemorrhagic, 
edematous, and necrotizing lymphadenitis, and the 
mediastinitis that is almost pathognomonic of this 
disease. 271 The bacilli can then spread to the blood, 
leading to septicemia with seeding of other organs 
and frequently causing hemorrhagic meningitis. 
Death is the result of respiratory failure that is as¬ 
sociated with pulmonary edema, overwhelming 
bacteremia, and, often, meningitis. 

Cutaneous Anthrax 

More than 95% of cases of anthrax are cutaneous 
(Figure 36-9). After inoculation, the incubation pe¬ 
riod is 1 to 5 days. The disease first appears as a 
small papule that progresses over one to two days 
to a vesicle containing serosanguinous fluid with 



Fig. 36-9. A cutaneous lesion of anthrax with eschar on 
a patient's neck, occurring on approximately day 15 of 
disease. The patient had worked with air-dried goat 
skins from Africa. 

Photograph: Courtesy of the Armed Forces Institute of 
Pathology, Washington, DC. AFIP Negative 75-4203-7. 
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many organisms and few leukocytes. The vesicle, 
which may be 1 to 2 cm in diameter, ruptures and 
leaves a necrotic ulcer. Satellite vesicles may also 
be present. The lesion is usually painless, and vary¬ 
ing degrees of edema may surround it. The edema 
may occasionally be massive, encompassing the 
entire face or limb, and is called "malignant edema." 
Patients usually have fever, malaise, and headache, 
which may be severe in those with extensive edema. 
There may also be local lymphadenitis. The ulcer 
base develops a characteristic black eschar; after 2 
to 3 weeks the eschar separates, usually leaving no 
scar. Septicemia is very rare, and with treatment 
mortality should be less than 1%. The case-fatality 
rate for untreated cutaneous anthrax is 5% to 20%. 

Inhalational Anthrax 

Inhalational anthrax begins after an incubation 
period of 1 to 6 days with nonspecific symptoms of 
malaise, fatigue, myalgia, and fever. There may be 
an associated nonproductive cough and mild chest 
discomfort. These symptoms usually persist for 2 
or 3 days, and in some cases there may be a short 
period of improvement. This is followed by the sud¬ 
den onset of increasing respiratory distress with 
dyspnea, stridor, cyanosis, increased chest pain, and 
diaphoresis. There may be associated edema of the 
chest and neck. Chest X-ray examination may show 
the characteristic widening of the mediastinum and 



Fig. 36-10. This roentgenogram, taken on day 2 of illness, 
shows the lungs of a 51-year-old laborer with occupational 
exposure to airborne anthrax spores. Marked mediastinal 
widening is evident with small parenchymal infiltrate. 
Photograph: Courtesy of the Armed Forces Institute of 
Pathology, Washington, DC. AFIP Negative 71-12790-2. 


pleural effusions (Figure 36-10). Bacterial pneumo¬ 
nia is an uncommon finding but can occur in some 
patients. 256 While cases of inhalational anthrax have 
been rare in the 20th century, several have occurred 
in patients with underlying pulmonary disease, 
suggesting increased susceptibility in these pa¬ 
tients. 264 Meningitis is present in up to 50% of cases, 
and some patients may present with seizures. The 
onset of respiratory distress is followed by the rapid 
onset of shock and death within 24 to 36 hours. 
Mortality has been essentially 100% in reported 
cases, and there are no reliable human data on the 
effectiveness of current treatment regimens and 
supportive care. 

Oropharyngeal and Gastrointestinal Anthrax 

Oropharyngeal and gastrointestinal anthrax re¬ 
sult from the ingestion of undercooked, infected 
meat. After an incubation period of 2 to 5 days, pa¬ 
tients with oropharyngeal disease present with a 
severe sore throat or a local oral or tonsillar ulcer, 
usually associated with fever, toxicity, and swell¬ 
ing of the neck due to cervical or submandibular 
lymphadenitis and edema. Dysphagia and respira¬ 
tory distress may also be present. Gastrointestinal 
anthrax begins with nonspecific symptoms of nau¬ 
sea, vomiting, and fever; these are followed in most 
cases by severe abdominal pain. The presenting sign 
may be an acute abdomen, which may be associ¬ 
ated with hematemesis, massive ascites, and diar¬ 
rhea. Mortality in each of these forms may be as 
high as 50% even with treatment. 

Meningitis 

Meningitis usually follows bacteremia as a com¬ 
plication of the disease. Meningitis may also occur, 
but very rarely, without a clinically apparent primary 
focus. It is very often hemorrhagic, which is impor¬ 
tant diagnostically, and is almost invariably fatal. 

Diagnostic Approaches 

The most critical aspect in making a diagnosis of 
anthrax is a high index of suspicion associated with 
a compatible history of exposure. Cutaneous an¬ 
thrax should be considered following the develop¬ 
ment of a painless pruritic papule, vesicle, or ulcer 
that often is surrounded by edema and develops 
into a black eschar. With extensive or massive 
edema, such a lesion is almost pathognomonic. 
Gram's stain or culture of the lesion will usually 
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confirm the diagnosis. The differential diagnosis 
should include tularemia, staphylococcal or strep¬ 
tococcal disease, and orf (a zoonotic viral disease 
of sheep and goats). 

The diagnosis of inhalational anthrax is extraor¬ 
dinarily difficult, but the disease should be sus¬ 
pected in those with a history of exposure to a B 
anf/zracz's-containing aerosol. The early symptoms 
are entirely nonspecific, but two situations suggest 
the diagnosis: (1) the development of respiratory 
distress in association with radiographic evidence 
of a widened mediastinum due to hemorrhagic 
mediastinitis and (2) the presence of hemorrhagic 
pleural effusion or hemorrhagic meningitis. Sputum 
examination is not helpful in making the diagno¬ 
sis, since pneumonia is not usually a feature of in¬ 
halational anthrax. 

Gastrointestinal and oropharyngeal anthrax are 
exceedingly difficult to diagnose because of the rar¬ 
ity of the diseases and their nonspecific symptoms. 
Only with an appropriate epidemiologic history in 
the setting of an outbreak are these diagnoses usu¬ 
ally considered. Microbiological cultures are not 
helpful in confirming the diagnosis. Gram's stain 
or Giemsa stain of the peripheral blood may allow 
visualization of the organism, and standard blood 
culture may yield the organism but not until late in 
the course of the disease. 

Meningitis due to anthrax can be clinically in¬ 
distinguishable from meningitis due to other 
causes. An important distinguishing feature is that 
the cerebral spinal fluid is grossly hemorrhagic in 
as many as 50% of the cases. The diagnosis can be 
confirmed by identifying the organism in cerebral 
spinal fluid by microscopy or culture. 

Serology is generally only of use in making a ret¬ 
rospective diagnosis. Antibody to protective anti¬ 
gen or the capsule develops in 68% to 93% of re¬ 
ported cases of cutaneous anthrax. 272-275 Bacterial 
identification is confirmed by demonstration of the 
protective antigen toxin component, lysis by a spe¬ 
cific bacteriophage, detection of capsule by fluores¬ 
cent antibody, or virulence for mice and guinea pigs. 
Additional confirmatory tests to identify the organ¬ 
ism by the presence of toxin and capsule genes us¬ 
ing the polymerase chain reaction have also been 
developed as research tools. An enzyme-linked 
immunosorbent assay for circulating toxins will be 
positive but not until late in the course when bacte¬ 
remia is present. A hand-held form of this assay has 
been shown to be of value in the field for rapid di¬ 
agnosis in animals and is available on a research 
basis for use in human disease. 


Recommendations for Therapy and Control 
Therapy 

Penicillin is the drug of choice for anthrax. Cuta¬ 
neous anthrax without toxicity or systemic symptoms 
may be treated with oral penicillin. If spreading 
infection or systemic symptoms are present, then 
intravenous therapy with high-dose penicillin (2 
million units administered every 6 hours) may be 
initiated until a clinical response is obtained. Effec¬ 
tive therapy will reduce edema and systemic symp¬ 
toms but will not change the evolution of the skin 
lesion itself. Treatment should be continued for 7 
to 10 days. Tetracycline, erythromycin, and chlor¬ 
amphenicol have also been used successfully. These 
drugs may be used for treatment of the rare case 
caused by naturally occurring penicillin-resistant or¬ 
ganisms or in penicillin-allergic patients. Other 
drugs, including the fluoroquinolones, first-genera¬ 
tion cephalosporins, and doxycydine, are effective 
in vitro but have not been used in human cases. 

Inhalational, oropharyngeal, and gastrointestinal 
anthrax should be aggressively treated with large 
doses of intravenous penicillin (2 million units ad¬ 
ministered every 2 hours), and appropriate vaso¬ 
pressors, oxygen, and other supportive therapy 
should also be used. 

Illness after a suspected or known attack with B 
anthracis spores should be treated based on antibi¬ 
otic sensitivities because of the possibility of induc¬ 
ing antibiotic resistance in weaponized spores. In 
the absence of information regarding antibiotic sen¬ 
sitivities, treatment should be instituted at the ear¬ 
liest signs of disease with intravenous ciprofloxacin 
(400 mg every 8 to 12 hours) or intravenous doxy- 
cycline (200 mg initially, followed by 100 mg every 
12 hours). 

Control 

Service members on deployment should avoid 
contact with animals, hides, or products made from 
hide. To avoid potential cases of gastrointestinal 
anthrax, they should also take care to avoid the con¬ 
sumption of meat from infected animals. This issue 
applies primarily when there is local acquisition of 
food supplies. Additionally, all meat should be thor¬ 
oughly cooked. 

When service members encounter sick or dead 
animals, samples should be taken for microbiologi¬ 
cal diagnosis. If anthrax is confirmed, the dead ani¬ 
mals should be incinerated and the remaining bones 
buried deeply. Caution must be used when handling 
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carcasses to avoid direct contact with skin, espe¬ 
cially broken skin. If incineration is impossible, the 
animal should be buried to a depth of at least 6 feet 
and covered with lime. 259 

Prophylactic Treatment After Exposure 

Experimental evidence from animals has demon¬ 
strated that postexposure antibiotic treatment, begin¬ 
ning 1 day after exposure to a lethal aerosol challenge 
with anthrax spores, can provide significant protec¬ 
tion against death. All three drugs used in this study— 
ciprofloxacin, doxycycline, and penicillin—were ef¬ 
fective. 276 In vitro sensitivity tests demonstrate very 
good activity against B anthracis with the quinolone 
antimicrobial agents. 277 ' 278 Optimal protection is af¬ 
forded by combining antibiotics with active immu¬ 
nization. 276 Oral antibiotics should be continued for 
at least 4 weeks, during which the unimmunized 
patient should be given 3 doses of vaccine 2 weeks 
apart. For those already immunized with at least 3 
doses of the vaccine, the status of vaccination 
should be checked and any necessary boosters 
given. Regardless of immunization status, if the 
exposure has been confirmed and antibiotic sup¬ 
plies are sufficient, everyone exposed should be given 
30 days of antibiotic treatment. Treatment for 
unimmunized personnel should be extended to 60 
days if no vaccine is available, and the patient should 
be observed carefully for any signs and symptoms 
once antibiotic therapy has been discontinued. 

Active Immunization 

As of 1999, the only licensed human vaccine 
against anthrax is produced by BioPort Inc. (for¬ 
merly the Michigan Biologic Products Institute). 
This vaccine was licensed in the early 1970s and has 
been given to thousands of people. This vaccine is 
made from sterile filtrates of microaerophilic cultures 
of an attenuated, unencapsulated, nonproteolytic, 
strain (V770-NP1-R) of B anthracis. The recommended 
schedule for vaccination is 0.5 mL given subcuta¬ 
neously at 0, 2, and 4 weeks, followed by doses at 


Introduction and Military Relevance 

Brucellosis is a zoonotic infection of domesticated 
and wild animals caused by bacteria of the genus 
Brucella. Humans become infected by ingestion of 
animal food products, direct contact with infected 
animals, or inhalation of infectious aerosols. Onset 


6, 12, and 18 months. Annual boosters are recom¬ 
mended if the potential for exposure continues. 
When tested by an enzyme-linked immunosorbent 
assay, more than 95% of vaccinees seroconvert af¬ 
ter the initial three doses. 279,280 Local side effects, 
consisting of erythema, tenderness, induration, and 
edema, may occur in up to 30% of recipients, but 
systemic side effects are rare. 281 Nontender subcu¬ 
taneous nodules at the site of vaccination can oc¬ 
cur and resolve without treatment. No long-term 
sequelae from the vaccine have been reported. 282 

The vaccine should be given to industrial workers 
exposed to potentially contaminated animal products 
imported from countries in which animal anthrax 
remains uncontrolled. People in direct contact with 
potentially infected animals and laboratory work¬ 
ers should also be immunized. Contraindications 
for use of the vaccine include a hypersensitivity 
reaction to the vaccine or one of its components. 
Reasons for temporary deferment of the vaccine 
include active febrile illness, corticosteroid or other 
immunosuppressive regimen, and pregnancy. 
Servicemembers who are scheduled to receive the 
vaccine and believe they may be pregnant should 
be referred for pregnancy testing, and vaccination 
should be suspended until the patient is no longer 
pregnant. 

In 1998, the Department of Defense initiated the 
Anthrax Vaccination Immunization Program, a mili¬ 
tary-wide program to immunize all active duty and 
reserve forces against anthrax over several years. 
All immunizations given under the program are 
tracked centrally and documented in patient medi¬ 
cal records. As of February 2001, more than 2 mil¬ 
lion doses have been given. 

Anthrax Vaccination Immunization Program 
guidelines stipulate that if there is deviation from 
the vaccination schedule, the next dose should be 
given as soon as possible and then all remaining 
doses given based on the time of the last dose. The 
series should only be restarted if only one dose has 
been received and more than 2 years have elapsed 
since receiving that dose. 

[Arthur M. Friedlander, Lisa A. Pearse, Julie Pavin] 


is acute or insidious and is characterized by fever 
and a variety of systemic symptoms or by a local 
inflammatory process. 

In 1751, Cleghorn, a British army surgeon stationed 
on the Mediterranean island of Minorca, described 
cases of a chronic, relapsing febrile illness and cited 
Hippocrates' description of a similar disease more 
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than 2,000 years earlier. 283 David Bruce isolated the 
causative organism from the spleens of five fatal 
cases in 1897 but termed it a micrococcus. 284 In 1897, 
Hughes coined the name "undulant fever" and de¬ 
scribed 844 cases. 285 In that same year. Bang identi¬ 
fied a "Bacillus of abortion" in placentas and fetuses 
of cattle suffering from contagious abortion. 286 
Twenty years later, Evans recognized that Bang's 
organism was identical to the causative agent of 
human brucellosis described by Hughes. 

The organism infects a borad range of mammals, 
causing abortion, fetal death, and genital infec¬ 
tion. 287,288 Humans, who are usually infected inciden¬ 
tally by contact with infected animals or ingestion 
of dairy foods, may develop numerous symptoms 
in addition to the usual ones of fever, malaise, and 
muscle pain that might incapacitate military per¬ 
sonnel in a theater of operations. Disease frequently 
becomes chronic and may relapse, even with treat¬ 
ment. The ease of transmission by aerosol suggests 
that Brucella organisms might be a candidate for use 
as a biological warfare agent. 

Description of the Pathogen 

Brucellae are small, nonmotile, nonsporulating, 
nontoxigenic, nonfermenting, aerobic, gram-nega¬ 
tive coccobacilli that may, based on DNA homol¬ 
ogy, represent a single species. 289 Conventionally, 
however, they are classified into six species, each 
comprising several biovars. Each species has a char¬ 
acteristic but not absolute predilection to infect cer¬ 
tain animals (Table 36-7). A novel species (proposed 
nomen B maris ) has recently been isolated from 
marine mammals. 290 Only Brucella melitensis, B suis, 
B abortus, B canis and B manis cause disease in humans. 


TABLE 36-7 

TYPICAL HOST SPECIFICITY OF BRUCELLA 
SPECIES 


Brucella Species 

Animal Host 

Human Pathogenicity 

B suis 

Swine 

High 

B melitensis 

Sheep, goats 

High 

B abortus 

Cattle, bison 

Intermediate 

B canis 

Dogs 

Intermediate 

B ovis 

Sheep 

None 

B neotomae 

Rodents 

None 

B maris 

Marine 

Not known 


mammals 



Epidemiology 

Transmission 

Natural transmission is through contact with 
infectious tissues or secretions, through ingestion of 
raw milk and dairy products, or by inhalation of 
aerosolized bacteria in animal enclosures, laboratories, 
or slaughterhouses. Brucellosis is rarely, if ever, 
transmitted from person to person. The incidence of 
human disease is thus closely tied to the prevalence 
of infection in sheep, goats, swine, camels, and cattle 
and to practices that allow exposure of humans to 
potentially infected animals or their products. 291-293 In 
the United States, where most states are free of infected 
animals and where dairy products are routinely 
pasteurized, illness has historically occurred primarily 
in individuals who have occupational exposure to 
infected animals (eg, veterinarians, shepherds, 
cattlemen, slaughterhouse workers). In many other 
countries, humans more commonly acquire infection 
by ingestion of unpasteurized dairy products, 
especially cheese. In the last 2 decades, food-borne 
acquisition has also become relatively more frequent 
in the United States because of importation of 
contaminated food from Mexico. 294 

Less obvious exposures can also lead to infection. 
In Kuwait, for example, disease with a relatively high 
proportion of respiratory complaints has occurred in 
individuals who camped in the desert during the 
spring lambing season. 295 In Australia, an outbreak of 
B suis infection was noted in hunters of feral pigs. 296 
Brucellae are also highly infectious in laboratory 
settings. 

Geographic Distribution and Incidence 

Brucella organisms are distributed worldwide. 
Fewer than 200 total cases per year (0.04 cases per 
100,000 population) are reported in the United States. 
The incidence is much higher in the Middle East, 
countries bordering the Mediterranean Sea, China, 
India, Mexico, and Peru. For example, the incidence 
rate in Jordan was 33 cases per 100,000 population 
(1987) 297 and in Kuwait was 88 cases per 100,000 
(1985). 298 

Pathogenesis and Clinical Findings 

Brucellae can enter mammalian hosts through 
skin abrasions or cuts, the conjunctiva, the respira¬ 
tory tract, and the gastrointestinal tract. 299 In the 
gastrointestinal tract, the organisms are phagocy- 
tosed by lymphoepithelial cells of gut-associated 
lymphoid tissue, from which they gain access to the 
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submucosa. 300 Organisms are rapidly ingested by 
polymorphonuclear leukocytes, which generally 
fail to kill them, 301,302 and are also phagocytosed by 
macrophages. Bacteria transported in macrophages 
may eventually localize in lymph nodes, liver, 
spleen, mammary glands, joints, kidneys, and bone 
marrow. This wide distribution of infected mac¬ 
rophages throughout the mononuclear phagocyte 
system and other organs explains the prominence 
of nonspecific constitutional symptoms and diverse 
localization of abnormalities in this disease. 

If unchecked by macrophages, the bacteria de¬ 
stroy their host cells and infect additional cells. Bru- 
cellae can also replicate extracellularly. The host 
cellular response may range from abscess forma¬ 
tion to lymphocytic infiltration to granuloma for¬ 
mation with caseous necrosis. 

In ruminants. Brucella organisms target embry¬ 
onic and trophoblastic tissue. When septic abortion 
occurs, the intense concentration of bacteria and 
aerosolization of infected tissue during parturition 
often result in infection of other animals and people. 

Clinical manifestations of brucellosis are di¬ 
verse. 303 Patients may present with an acute, sys¬ 
temic febrile illness, an insidious chronic infection, 
or a localized inflammatory process. Disease may 
be abrupt or insidious in onset, with an incubation 
period of 3 days to several weeks. Patients usually 
complain of nonspecific symptoms such as fever, 
sweats, fatigue, anorexia, and muscle or joint aches 
(Table 36-8). Neuropsychiatric symptoms, notably 
depression, headache, and irritability, occur fre¬ 
quently. In addition, focal infection of bone, joints. 


TABLE 36-8 

SYMPTOMS AND SIGNS OF BRUCELLOSIS 


Symptom or Sign 

Patients Affected (%) 

Fever 

90-95 

Malaise 

80-95 

Sweats 

40-90 

Body Aches 

40-70 

Hepatomegaly 

10-70 

Arthralgia 

20-40 

Splenomegaly 

10-30 


Data sources: Mousa AR, Elhag KM, Khogaii M, Marafie AA. 
The nature of human brucellosis in Kuwait: Study of 379 cases. 
Rev Infect Dis. 1988;10:211-217; Buchanan TM, Faber LC, 
Feldman RA. Brucellosis in the United States, 1960-1972: An 
abattoir-associated disease, I: Clinical features and therapy. 
Medicine (Baltimore). 1974;53:403-413; and Gotuzzo E, Alarcon 
GS, Bocanegra TS, et al. Articular involvement in human bru¬ 
cellosis: A retrospective analysis of 304 cases. Semin Arthritis 
Rheum. 1982;12:245-255. 


or genitourinary tract may cause local pain. Cough, 
pleuritic chest pain, and dyspepsia may also be 
noted. Chronically infected patients frequently lose 
weight. Symptoms often last for 3 to 6 months and 
occasionally for a year or more. Physical examina¬ 
tion is usually normal, although hepatomegaly, 
splenomegaly, or lymphadenopathy may occur. 
Brucellosis does not usually cause leukocytosis, and 
some patients may be moderately neutropenic. Al¬ 
though disease manifestations cannot be strictly 
related to the infecting species, B melitensis tends 
to cause more severe, systemic illness than the other 
brucellae, and B suis is more likely to cause local¬ 
ized, suppurative disease. 

Infection with B melitensis leads to bone or joint 
disease in about 30% of patients; sacroiliitis3 devel¬ 
ops in 6% to 15%, particularly in young adults. 304,305 
Arthritis of all large joints combined occurs with 
about the same frequency as sacroiliitis. Joint in¬ 
flammation seen in patients with B melitensis is mild, 
and erythema of overlying skin is uncommon. Syn¬ 
ovial fluid is exudative, but cell counts are in the 
low thousands with predominantly mononuclear 
cells. Spondylitis, another important osteoarticular 
manifestation of brucellosis, tends to affect 
middle-aged or elderly patients, causing back 
(usually lumbar) pain, local tenderness, and occa¬ 
sionally radicular symptoms. 

Magnetic resonance imaging, computer assisted 
tomography, and bone scintigraphy are more sensi¬ 
tive than plain films for demonstration of bone and 
joint abnormalities. 306 In sacroiliitis and peripheral 
joint infections, destruction of bone is unusual. In 
spondylitis, erosion and sclerosis of the anterosupe- 
rior portion of the vertebrae, often accompanied by 
osteophyte formation, occur early. Magnetic reso¬ 
nance imaging shows an increased T2-weighted sig¬ 
nal. Later, diffuse involvement of vertebrae may 
lead to further destruction of vertebral bodies and 
nuclear herniation into the softened vertebral bod¬ 
ies. Paravertebral abscess occurs rarely. In contrast 
with frequent infection of the axial skeleton, osteo¬ 
myelitis of long bones is rare. 307 

Infection of the genitourinary tract may lead to 
signs and symptoms of disease in humans. 308 
Pyelonephritis and cystitis and, in males, epididy- 
moorchitis, may occur. Both diseases may mimic 
their tuberculous counterparts, with "sterile" 
pyuria on routine bacteriologic culture. With blad¬ 
der and kidney infection. Brucella organisms can be 
cultured from the urine. Brucellosis in pregnancy 
can lead to placental and fetal infection. 309 Whether 
abortion is more common in brucellosis than in 
other severe bacterial infections, however, is un¬ 
known. 
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Lung infections have also been described, par¬ 
ticularly before the advent of effective antibiotics. 
Although up to one quarter of patients with bru¬ 
cellosis may complain of respiratory symptoms (eg, 
cough, dyspnea, or pleuritic pain), chest X-ray ex¬ 
aminations are usually normal. 310 Diffuse or focal 
infiltrates, pleural effusion, abscess, and granulo¬ 
mas may be noted. 

Hepatitis and, rarely, liver abscess also occur. 
Mild elevations of serum lactate dehydrogenase and 
alkaline phosphatase are common. Biopsy may 
show well-formed granulomas or nonspecific hepa¬ 
titis with collections of mononuclear cells. 303 Other 
sites of infection include the heart, central nervous 
system, and skin. Brucella endocarditis, a rare but 
most feared complication, accounts for 80% of 
deaths from brucellosis. 311 Central nervous system 
infection usually manifests itself as chronic menin¬ 
goencephalitis, but subarachnoid hemorrhage and 
myelitis also occur. 

Diagnostic Approaches 

A thorough history that elicits details of possible 
exposure (eg, laboratories, animals, animal prod¬ 
ucts, or environmental exposure to locations inhab¬ 
ited by potentially infected animals) is the most 
important diagnostic tool. Personnel with certain 
military occupations and symptoms compatible 
with brucellosis should be questioned particularly 
closely. Veterinary medicine officers assume respon¬ 
sibility for meat inspection and may visit slaugh¬ 
terhouses, especially during deployments. Special 
Forces personnel may subsist on the local economy 
during some actions and ingest unpasteurized dairy 
products. Brucellosis should also be strongly consid¬ 
ered in the differential diagnosis of febrile illness if 
service members have been exposed to a presumed 
biological attack. Polymerase chain reaction and 
antibody-based antigen detection systems may 
demonstrate the presence of the organism in envi¬ 
ronmental samples collected from the attack area. 

When the disease is considered, diagnosis is usu¬ 
ally made by serology. The tube agglutination test 
remains the standard method. 312 Use of the tube 
agglutination test after treatment of serum with 2- 
mercaptoethanol or dithiothreitol to dissociate IgM 
into monomers detects IgG antibody. A titer of 1:160 
or higher is considered diagnostic. Most patients 
already have high titers at the time of clinical pre¬ 
sentation, so a 4-fold rise in titer may not occur. IgM 
rises early in disease and may persist at low levels 
(eg, 1:20) for months or years after successful treat¬ 
ment. Persistence or increase of 2-mercaptoethanol- 


resistant titers has been associated with persistent 
disease or relapse. Serum testing should always 
include dilution to at least 1:320, since inhibition of 
agglutination at lower dilutions may occur. The 
tube agglutination test does not detect antibodies 
to B canis. Enzyme-linked immunosorbent assays 
have been developed but are not well standardized. 

Diagnosis should be pursued by microbiologic 
culture of blood or body fluid samples. Cultures 
should be held for at least 2 months and subcul¬ 
tured weekly onto solid medium. Because it is ex¬ 
tremely infectious for laboratory workers, the or¬ 
ganism should be subcultured only in a biohazard 
hood. The reported frequency of isolation from 
blood varies widely, from less than 10% to 90%; B 
melitensis is said to be more readily cultured than B 
abortus. Culture of bone marrow may increase the 
yield. 313 

Recommendations for Therapy and Control 

Brucellae are sensitive in vitro to a number of 
oral antibiotics and to aminoglycosides. Therapy 
with a single drug has resulted in a high relapse 
rate, so combined regimens should be used when¬ 
ever possible. 314 A 6-week regimen of doxycycline 
200 mg per day administered orally with strepto¬ 
mycin 1 g per day administered intramuscularly for 
the first 2 to 3 weeks is effective therapy for adults 
with most forms of brucellosis. 315 Gentamicin, 2 to 
5 mg per kg per day, is now often substituted for 
streptomycin. 291 A 6-week oral regimen of both 
rifampin (900 mg/day) and doxycycline (200 mg/ 
day) is also effective and should result in nearly 
100% response and a relapse rate of lower than 10%. 
Treatment with a combination of streptomycin and 
doxycycline may result in less frequent relapse than 
treatment with the combination of rifampin and 
doxycycline. 315 

Spondylitis, endocarditis, and central nervous 
system infections generally require prolonged 
therapy. Spondylitis should be treated with a regi¬ 
men that includes an aminoglycoside, as notable 
failures have occurred in patients treated with the 
combination of rifampin and doxycycline. En¬ 
docarditis may best be treated with rifampin, strep¬ 
tomycin, and doxycycline; infected valves should 
be replaced early in therapy. 316 Central nervous 
system disease responds to a combination of 
rifampin and trimethoprim/sulfamethoxazole. This 
antibiotic combination is also effective for chil¬ 
dren under 8 years of age. 315 The Joint Food and 
Agriculture Organization-World Health Organiza¬ 
tion Expert Committee recommends treatment of 
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pregnant women with rifampin. 317 Trimethoprim/ 
sulfamethoxazole is a reasonable alternative drug 
in pregnancy. 291 

Organisms used in a biological attack may be 
resistant to these first-line antimicrobial agents. 
Medical officers should make very effort to obtain 
tissue and environmental samples for bacteriologi¬ 
cal culture, so that the antibiotic susceptibility pro¬ 
file of the infecting brucellae may be determined 
and the therapy adjusted accordingly. 

Effective livestock immunization programs 
will markedly reduce the incidence of human dis¬ 
ease. Animal handlers should wear appropriate 
protective clothing when working with infected 
animals. Meat should be well-cooked, and milk 
should be pasteurized. Service members in en¬ 
demic areas should be counseled to avoid eating 
uncooked foods, particularly dairy products, 
obtained from the local economy. Sheep, goats, 
cattle, swine, and camels in endemic areas should 
be considered infected. Locating camps close to 


these animals should be avoided, particularly 
during birthing seasons; animals should be seg¬ 
regated from military personnel. Laboratory 
workers should culture the organism only with 
appropriate biosafety level 2 (clinical samples) 
or 3 (research) containment. 

In the event of a biological attack, the standard 
gas mask should adequately protect personnel from 
airborne brucellae, because the organisms are 
probably unable to penetrate intact skin. After per¬ 
sonnel have been evacuated from the attack area, 
clothing, skin, and other surfaces can be decontami¬ 
nated with standard disinfectants to minimize risk 
of infection by accidental ingestion or by conjunc¬ 
tival inoculation of viable organisms. 

There is no commercially available vaccine for hu¬ 
mans. In the event of known percutaneous or mucosal 
exposure to virulent or vaccinal strains of Brucella, 
prophylactic administration of rifampin and tetracy¬ 
cline for 3 to 6 weeks seems reasonable. 57p75_78,291 

[David Hoover] 
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Diseases Transmitted by Food, Water, and Soil 


DIARRHEA CAUSED BY ESCHERICHIA COLI 


Escherichia coli is a gram-negative, facultatively 
anaerobic, rod-shaped bacterium that is generally 
a normal, nonpathogenic inhabitant of the intestine 
of mammals. It is a member of the large family of 
bacteria known as the Enterobacteriaceae, which 
also includes salmonellae and shigellae. E coli that 
compose the normal intestinal flora may become 
pathogenic when seeded outside the intestine, as a 
cause of sepsis, focal infections, or wound infec¬ 
tions. E coli may acquire virulence factors that ren¬ 
der them pathogenic to humans in the gut. These 
virulence factors are usually stabile genetic charac¬ 
teristics that are passed on from generation to gen¬ 
eration resulting in a stable clone or strain. 

Four general categories of E coli have been rec¬ 
ognized as enteric pathogens: 1 Enterotoxigenic E coli 
(ETEC), enterohemorrhagic E coli (EHEC), entero- 
invasive E coli (EIEC), and enteropathogenic E coli 
(EPEC). EPEC organisms are part of a larger group 
generally referred to as enteroadherent E coli. 

Enterotoxigenic Escherichia coli 

Introduction and Military Relevance 

ETEC is one of the most common causes of diar¬ 
rheal diseases among children in developing coun¬ 
tries 2,3 and is the most common cause of traveler's 
diarrhea acquired in those countries. 4,5 Diarrheal 


disease has accompanied military campaigns for 
centuries, 6 but traveler's diarrhea was only de¬ 
scribed as a clinical syndrome after World War II 
when travel to exotic locations by air became more 
feasible. 7 It was not until the early 1970s that ETEC 
was recognized as an enteric pathogen in both hu¬ 
mans and animals. 8 One of the first known ETEC 
outbreaks occurred in British troops stationed in 
Aden in the Persian Gulf region in the 1960s. 9 Rowe 
identified a single E coli serotype (0148:H28) as the 
cause of illnesses that occurred in the first few 
weeks of the deployment. These strains of E coli, as 
well as others (06:H16) from US military forces 
serving in Vietnam, were shown to be pathogenic 
in volunteers and were subsequently found to pro¬ 
duce enterotoxins. 10 Ever since, ETEC has been 
found to be an important cause of diarrhea during 
many deployments in the developing world, most 
notably the Middle East and Africa (Table 37-1). Di¬ 
arrheal disease was a major problem during the 
Persian Gulf War, 11 and ETEC and Shigella organisms 
caused the majority of these illnesses (Table 37-2). 

Description of the Pathogen 

ETEC produces either a heat-labile toxin (LT), a 
heat-stable toxin (ST), or both toxins (LT/ST). The 
isolation rates of ETEC producing these toxins from 
persons with diarrhea varies from survey to sur- 


TABLE 37-1 

ISOLATION RATES OF ENTEROTOXIGENIC ESCHERICHIA COLI AMONG PERSONNEL ON 
MILITARY DEPLOYMENTS (1987-1993) 


Exercise (Country) 

Year 

Number 

cultured 

Percentage 

ETEC 

Reference 

Operation Restore Hope (Somalia) 

1992-1993 

113 

16 

1 

Operation Desert Shield (Saudi Arabia) 

1990 

432 

29 

2 

Operation Bright Star (Egypt) 

1989 

104 

57 

3 

USS Kennedy (Alexandria, Egypt ) 

1988 

118 

34 

4 

Operation Bright Star (Egypt) 

1987 

183 

33 

5 


* 

port visit 

References: (1) Sharp TW, Thornton SA, Wallace MR, et al. Diarrheal disease among military personnel during Operation Restore 
Hope, Somalia, 1992-1993. Am ] Trop Med Hyg. 1995;52:188-193. (2) Hyams KC, Bourgeois AL, Merrell BR, et al. Diarrheal disease 
during Operation Desert Shield. N Engl ] Med. 1991;325:1423-1428. (3) Taylor DN, Sanchez JL, Candler W, Thornton S, McQueen C, 
Echeverria R Treatment of travelers' diarrhea: Ciprofloxacin plus loperamide compared with ciprofloxacin alone; a placebo- 
controlled, randomized trial. Ann Intern Med. 1991;114:731-734. (4) Scott DA, Haberberger RL, Thornton SA, Hyams KC. Norfloxacin 
for the prophylaxis of travelers' diarrhea in U.S. military personnel. Am J Trop Med Hyg. 1990;42:160-164. (5) Haberberger RL Jr, 
Mikhail IA, Burans JP, et al. Traveler's diarrhea during joint American-Egyptian armed forces exercises in Cairo, Egypt. Mil Med. 
1991;156:27-30. 
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TABLE 37-2 

BACTERIAL ENTEROPATHOGENS IDENTIFIED 
IN STOOL SAMPLES FROM 432 US MILITARY 
PERSONNEL WITH ACUTE GASTROENTERITIS 
DURING OPERATION DESERT SHIELD 


Enteropathogen 

Isolation Rate 
Number Percent 

ETEC* 

Heat-labile toxin 

15 

3.5 

Heat-stable toxin 

44 

10.2 

Heat-labile and heat-stable toxin 

64 

14.8 

Mixed ETEC infection 

2 

0.5 

Total of ETEC 

125 

28.9 

Shigella organisms 

S dysenteriae 

4 

0.9 

S flexneri 

12 

2.8 

S boydii 

8 

1.9 

S sonnei 

89 

20.6 

Total of Shigella organisms 

113 

26.2 

EIEC + 

3 

0.7 

Salmonella 

7 

1.6 

Campylobacter 

2 

0.5 


* 

Enterotoxigenic E coli 
^Enteroinvasive E coli 

Reprinted from: Hyams KC, Bourgeois AL, Merrell BR, et al. 
Diarrheal disease during Operation Desert Shield. N Engl ] Med. 
1991;325:1423-1425. Copyright © 1991 Massachusetts Medical 
Society. All rights reserved. 


vey, but in most studies the isolation rates of each 
toxin type are approximately equal. 12 Strains pro¬ 
ducing ST or LT/ST are more pathogenic than 
strains producing only LT and belong to a small 
number of 0:H serotypes; most have recognized 
intestinal cell adherence or colonization factors. 1 
Strains producing only heat-labile toxin belong to 
a much larger number of 0:H serotypes and often 
do not possess known colonization factors. 12 

Epidemiology 

Transmission. Most epidemiologic studies have 
implicated contaminated foods as the main source 
of ETEC. The human reservoir is large, and fecal 
spread to food via hands is probably the main 
method of contamination. 13,14 ETEC can also be iso¬ 
lated from domestic animals, and contamination of 
meats with intestinal contents may be another im¬ 
portant source in food. Vegetables can be contami¬ 


nated with human feces used as fertilizer or with 
untreated sewage. During the Persian Gulf War, 
vegetables acquired from local markets were an 
important source of contamination. Decontamina¬ 
tion of salad vegetables in chlorinated water was 
unsuccessful because the volume of food required 
was too great to allow for the proper contact time. 15 

Geographic Distribution. In tropical climates, 
disease caused by ETEC occurs year-round; in more 
temperate climates, disease is more common in the 
warmer summer months. In the developed world, 
ETEC is a rare cause of diarrhea, and almost all of 
the epidemiologic data that are available is from 
foodborne or waterborne outbreaks. 16-18 

Incidence. Diarrhea caused by ETEC is a major 
health problem for infants and children in the de¬ 
veloping world and is the major cause of traveler's 
diarrhea in those traveling to the developing world. 
Studies in areas of the developing world where 
hygiene is poor suggest that exposure to ETEC is 
nearly constant. Under these circumstances, the level 
of immunity is the key factor in determining suscep¬ 
tibility to disease. Infants and newly arriving travel¬ 
ers have the least immunity and more frequently 
develop severe diarrhea when infected. After repeated 
exposure, illnesses become less severe or less symp¬ 
tomatic. Because ETEC is endemic in developing 
countries, outbreaks are rare except in new arriv¬ 
als, such as travelers. During the build-up stages 
of the Persian Gulf War (August to October 1990), 
diarrhea affected as many as 5% of the service mem¬ 
ber strength per week (Figure 37-1). 

Pathogenesis and Clinical Findings 

ETEC can cause a severe watery diarrhea similar 
to cholera. ETEC must adhere to the small intesti¬ 
nal mucosa to cause disease. ETEC adherence is 
mediated by fimbriae on the surface of the organ¬ 
ism. These fimbriae, called colonization factor an¬ 
tigens, are encoded by plasmids that usually encode 
heat stable toxin and often heat labile toxin. 1 The 
pathophysiology of diarrhea caused by ETEC is 
primarily determined by the production of these 
enterotoxins. Similar to cholera toxin, heat labile toxin 
is composed of one A subunit and 5 B subunits that 
bind to ganglioside GM1 on eucaryotic cell surfaces. 
The A subunit undergoes proteolytic cleavage that 
produces two fragments designated Al and A2. The 
Al fragment activates adenylcyclase and increases 
cyclic adenosine monophosphate through adenos¬ 
ine diphosphate ribosylation of the cell membrane, 
which causes fluid secretion by inhibiting sodium 
and chloride absorption and chloride secretion. 
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ETEC causes a secretory diarrhea with fluid and 
electrolyte loss without evidence of inflammation. 
The amount of diarrhea may be mild or massive, 
cholera-like purging. Generally, an inoculum of 
about 10 s organisms is required to infect 50% of 
persons exposed. 10 Disease severity increases with 
inoculum size and may also be associated with the 
quantity of toxin produced by the organism. In trav¬ 
elers, disease occurs most commonly in the first 
weeks of travel. The incubation period ranges from 
12 to 48 hours and shortens with higher inoculum 
size. Symptoms that accompany ETEC diarrhea are 
malaise, anorexia, abdominal cramping, nausea, 
vomiting in 25%, and low-grade fever in 30%. Un¬ 
treated the illness lasts 1 to 5 days but can last as 
long as 2 weeks. Stool frequency is usually around 


10 episodes per day for 1 or 2 days. 7,19 Complica¬ 
tions are usually associated with dehydration. 
These include lethargy, muscle cramping, loss of 
consciousness, renal failure, and death. Infants and 
children may have a decreased absorptive capacity 
of the small bowel for several weeks after the ill¬ 
ness, which can lead to malnutrition. 

Diagnostic Approaches 

E coli is a gram-negative rod that grows readily 
on routine culture media under aerobic conditions. 
E coli is identified on MacConkey agar as a lactose- 
fermenter. E coli can be isolated after several days 
from fecal specimens preserved in Cary-Blair trans¬ 
port media. There is no biochemical or serological 



Aug Sep Oct Nov Dec Jan Feb Mar 

Weekly reporting date 


Fig. 37-1. This graph shows the weekly rates of gastroenteritis among 40,000 Marine Corps ground troops stationed 
in northeast Saudi Arabia in 1990 and 1991. The arrow indicates when fresh produce was removed from their diet, 
which was followed by a sharp decrease in the diarrheal disease incidence. 

Reprinted with permission from: Hyams KC, Hanson K, Wignall FS, Escamilla J, Oldfield EC III. The impact of 
infectious diseases on the health of US troops deployed to the Persian Gulf during Operations Desert Shield and 
Desert Storm. Clin Infect Dis. 1995;20:1497-1504. 
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test that can be used to identify all ETEC serotypes, 
therefore methods to detect the heat-labile and heat- 
stable toxins must be used. The traditional methods 
have been Y1 or CHO cell culture assays to identify 
heat-labile toxin and the suckling mouse assay for 
heat-stable toxin. 19 These assays are difficult to 
maintain in most laboratories and are being re¬ 
placed with DNA hybridization assays. 20 The hy¬ 
bridization can be detected using radioisotopes or 
by an enzyme-linked system. No commercial assays 
are available to detect ETEC. 

Recommendations for Therapy and Control 

In developing countries, diarrhea caused by 
ETEC is a disease of children younger than 5 years 
old. The mainstay of treatment is replenishing fluid 
and restoring electrolyte balance. 21 This can be ac¬ 
complished with oral rehydration solution or, if that 
fails, with intravenous fluid. Breast feeding and the 
use of rice-based oral rehydration solution may pro¬ 
vide some protection against malabsorption. 22 In 
addition, the use of vitamin A and zinc may pre¬ 
vent or shorten the illness. 23 

For travelers, other prophylactic and treatment 
modalities are useful. Treatment of traveler's diar¬ 
rhea is aimed at decreasing the total amount of di¬ 
arrhea and the number of days of illness. Many of 
the agents that can be used for prophylaxis can also 
be effectively used as treatment. Fluoroquinolones 
(eg, ciprofloxacin, norfloxacin) taken twice daily for 
3 days are currently regarded the drugs of choice 
because of increased resistance among ETEC strains 
to trimethoprim-sulfamethoxazole (TMP /SMX) and 
the tetracyclines. 24 

Antimotility drugs also have a role in treatment. 
US military personnel in Thailand responded more 
rapidly to ciprofloxacin plus loperamide than to 
ciprofloxacin alone. 25 Loperamide acts more rapidly 
than antibiotics, so loperamide given in combina¬ 
tion with ciprofloxacin provides the most rapid im¬ 
provement. This regimen is generally recognized as 
the treatment of choice for adults. 24 

Good personal hygiene, in particular hand wash¬ 
ing, is important in preventing all enteric infections. 
The warning to travelers to "cook it, boil it, peel it, 
or don't eat it" is good advice and reminds the in¬ 
dividual that food left out at room temperature can 
easily become contaminated. To ensure that bacte¬ 
ria have been killed, foods should be served hot to 
the touch. Local water may not be adequately chlo¬ 
rinated and therefore should be avoided unless re¬ 
boiled or chlorinated. Bottled water and boiled 


water are usually safe. Careful food inspection and 
food handling procedures are particularly impor¬ 
tant for military units working in the tropics. If food 
is bought from local sources, it must be assumed to 
be contaminated. Meats need to be prepared away 
from salad vegetables to prevent cross-contamina¬ 
tion. Local produce should be decontaminated with 
chlorinated water. 

Prophylaxis with antimicrobial agents (eg, doxy- 
cycline, TMP /SMX) is generally well tolerated but 
is only effective in areas where enteric pathogens 
are still susceptible to these antibiotics. Ciprofloxacin 
and norfloxacin once daily are currently the most 
effective prophylactic agents, 26 but because these 
agents are also used for treatment, they are not rec¬ 
ommended for most travelers and all long-term resi¬ 
dents abroad. 27 Bismuth subsalicylate in fairly large 
doses appears to decrease the incidence of diar¬ 
rhea, 24 but this regimen is expensive, time consum¬ 
ing, and only partially effective. 

The heterogeneity of the serotypes, adherence 
factors, and toxins have made vaccine development 
a difficult task. An oral, whole E coli cell plus CT B 
subunit vaccine is being developed. 28 

Enterohemorrhagic Escherichia coli 

Introduction and Military Relevance 

E coli serotype 0157:H7, the most famous EHEC 
serotype, was first recognized as a pathogen in 1982 
when two geographically separated outbreaks of 
hemorrhagic colitis associated with eating under¬ 
cooked beef from a fast food restaurant occurred. 29 
Since 1982, many well-described outbreaks and nu¬ 
merous sporadic cases have been reported, includ¬ 
ing a large outbreak of more than 600 cases again 
associated with undercooked hamburgers from a 
fast food restaurant in the northwestern United 
States. 30 Initial reports identified most cases from 
the northern United States (most frequently the 
Pacific Northwest) and Canada, but increasing 
awareness has identified cases throughout the 
United States. Outbreaks of EHEC have occurred 
in the United Kingdom, Germany, Argentina, and 
Japan. 31 Foodborne transmission has been associ¬ 
ated with undercooked ground or roast beef, un¬ 
pasteurized milk, improperly processed water and 
cider, contaminated mayonnaise, and vegetables 
fertilized with manure or irrigated with tainted 
water. 30 Service members consume as much, if not 
more, of these foodstuffs as their civilian neighbors 
and so are at risk of EHEC infection. 
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Description of the Pathogen 

The prototype EHEC isolate is serotype 0157:H7. 
A number of other serotypes of E coli causing an 
identical disease spectrum have been reported, in¬ 
cluding 026:H11, 0111:H8, and 0111:NM. EHEC is 
not invasive, nor does it produce enterotoxins. 
However, EHEC, like other enteric pathogens, must 
adhere to the intestinal epithelium to cause disease. 
The elaboration of cytotoxins distinguishes EHEC 
from other E coli pathogens. 32 The cytotoxins pro¬ 
duced by EHEC are known as Shiga-like toxin 1 and 
2 (for their similarities to Shiga toxin isolated from 
Shigella dysenteriae 1 [Shiga's bacillus]) or verotoxin 
1 and 2 (for their effects on Vero tissue culture cells). 
EHEC strains can produce either of the Shiga-like 
toxins or both of them. 

Epidemiology 

Transmission and Geographic Distribution. Most 
outbreaks are foodborne, and ground beef is the 
most frequently implicated source. A cluster of cases 
in Connecticut were associated with a particular re¬ 
tail supermarket. 33 This study emphasizes the im¬ 
portance of meat-handling practices and the need 
for frequent decontamination. Widespread testing 
for E coli Ot57:H7 led to one of the largest recalls of 
frozen ground beef in 1997. 34 Several outbreaks have 
been associated with unpasteurized apple juice and 
sprouts. 35,36 Another outbreak was associated with 
swimming in a contaminated lake in Oregon. 37 S 
sonnei was also implicated in this outbreak. The 
findings demonstrated that transmission of these 
two organisms can be very similar. Although food, 
especially ground beef, seems to be the most im¬ 
portant vehicle for acquisition of infection, person- 
to-person transmission has also been described. 38 
Cattle appear to be the most important reservoir for 
EHEC. Three percent of dairy calves in the United 
States are estimated to be infected. 30 

Incidence. With the development of simple micro¬ 
biologic screening tests has come the awareness that, 
at least in North America, E coli 0157:H7 is a com¬ 
mon cause of infectious bloody diarrhea. In a prospec¬ 
tive, population-based study in Washington state, 39 E 
coli 0157:H7 was identified in 25 (0.4%) of 6,485 stool 
specimens, and isolation of this serotype was associ¬ 
ated with illness in all patients. In this study, and in 
two other studies conducted in Canada, 30 the isola¬ 
tion rates of E coli Ot57:H7 were similar to those for 
other well-recognized enteropathogens, such as shi¬ 
gella, salmonella, and Campylobacter, and ranged 


from 0.4% to 1.9%. Disease caused by EHEC occurs 
at all ages; however, the very young and very old 
are more likely to have severe disease or to develop 
complications such as hemolytic-uremic syndrome. 
The incidence of nonbloody diarrhea or asymptom¬ 
atic infection caused by EHEC is not known. 

Pathogenesis and Clinical Findings 

EHEC, most commonly E coli 0157:H7, is an im¬ 
portant cause of nonbloody diarrhea, hemorrhagic 
colitis, and hemolytic-uremic syndrome. 40-42 EHEC 
produces two types of Shiga-like toxins, which 
mediate both hemorrhagic colitis and hemolytic 
uremic syndrome. There is a 5- to 9-day interval be¬ 
tween the onset of diarrhea and the onset of 
hemolytic uremic syndrome. Reports from out¬ 
breaks and sporadic cases indicate that bloody di¬ 
arrhea is the most common symptom of illness 
caused by EHEC. Some patients may have mild dis¬ 
ease with nonbloody diarrhea. The frequency with 
which mild disease occurs is not known, although 
approximately 25% of cases in outbreaks may have 
nonbloody diarrhea. 30 The disease is typically ush¬ 
ered in by severe abdominal cramping and watery 
diarrhea, which is soon followed by grossly bloody 
stools. The amount of blood in the stool may range 
from streaking to frank blood. Indeed, many of the 
initial cases of hemorrhagic colitis were confused 
with gastrointestinal bleeding. The duration of 
bloody diarrhea is generally 2 to 4 days. 40 Vomiting 
occurs in approximately one third to one half of 
persons with bloody diarrhea. Fever occurs in the 
minority of patients and is usually low-grade (< 
39°C [102°F]). Fecal leukocytes may be present but 
are not a common feature. The severity of abdomi¬ 
nal cramping and the frequent absence of fever can 
lead clinicians to consider other diagnoses, such as 
acute abdomen, inflammatory bowel disease, is¬ 
chemic bowel, and intussusception. Failure to con¬ 
sider EHEC may lead to unnecessary diagnostic and 
surgical procedures. 

Hemolytic-uremic syndrome, consisting of 
hemolytic anemia and acute renal failure, is the most 
serious complication of disease caused by EHEC. Most 
outbreaks report hemolytic-uremic syndrome in less 
than 10% of ill persons 43 and almost always in young 
children and the elderly. E coli 0157:H7 has also 
caused illness in elderly patients that is recognized 
by clinicians as thrombotic thrombocytopenic pur¬ 
pura. Hemolytic-uremic syndrome or thrombotic 
thrombocytopenic purpura in association with EHEC 
in the elderly carries a high risk of mortality. 42 


1005 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


Diagnostic Approaches 

On routine culture media, EHEC cannot be visu¬ 
ally differentiated from nonpathogenic E coli flora. 
However, because E coli 0157:H7 ferments sorbitol 
slowly and since only 6% to 7% of all E coli is sorbitol¬ 
negative, the use of MacConkey or similar media 
containing 1% sorbitol provides a simple screening 
method. Sorbitol-negative colonies can be picked 
and agglutinated with commercially available 0157 
antisera for presumptive identification. Definitive 
identification requires serotyping and assays for 
toxin production. 

Recommendations for Therapy and Control 

Although E coli 0157:H7 is sensitive to most anti¬ 
biotics in vitro, antibiotics have not been shown to 
limit the duration of the illness or ameliorate the 
symptoms. 41 The illness is self limited, but the time 
to resolution can vary from a few days to several 
weeks. Treatment is supportive. Immune globulin 
preparations have been reported to be beneficial in 
a few cases of hemolytic-uremic syndrome, 42 and the 
finding that commercially available preparations 
contain anticytotoxin-neutralizing antibodies sup¬ 
ports further investigation of this therapeutic modal¬ 
ity. Oral ingestion of a synthetic receptor for Shiga- 
like toxin may be useful in binding unbound toxin 
and may prevent hemolytic-uremic syndrome. 44 

The catastrophic nature of EHEC illness in elderly 
patients emphasizes the importance of impeccable 
technique in food preparation and early recogni¬ 
tion and intervention in outbreaks. All E coli, in¬ 
cluding EHEC, are frequent contaminants of ground 
beef and may remain viable in undercooked food. 
In response to an increase in cases in 1993, the Food 
and Drug Administration issued an advisory that 
all ground meat be uniformly heated to at least 71 °C 
(160°F) for at least 8 seconds to kill all contaminat¬ 
ing E coli. 45,46 Cooking procedures should be moni¬ 
tored to assure that the time and temperature pa¬ 
rameters are met. Milk and cider should be pas¬ 
teurized, and drinking water should be adequately 
disinfected. 

Enteroinvasive Escherichia coli 
Introduction and Military Relevance 

Certain strains of E coli are capable of penetrat¬ 
ing cells of the intestinal epithelium, producing a 
disease spectrum virtually identical to that caused 
by Shigella organisms. The incidence of disease 
caused by EIEC is not well studied, primarily be¬ 


cause of difficulties in identification of the organ¬ 
ism. It appears to be a relatively infrequent cause 
of sporadic diarrhea and has been found less often 
than Shigella organisms in studies in which both 
pathogens have been looked for. 43 Military person¬ 
nel are at risk under field conditions similar to their 
risk of shigellosis. Outbreaks have occurred in mili¬ 
tary settings in Israel. 45 

Description of the Pathogen 

Strains recognized as EIEC belong to a number 
of E coli serotypes, including 028ac, 029, OH2ac, 
0124, 0136, 0143, 0144, 0147, 0152, 0164, and 
0167. 1 The EIEC serotypes are distinct from those 
of ETEC, EPEC, and EHEC. There exists no simple 
method to reliably identify EIEC. EIEC shares many 
microbiologic features with Shigella organisms. Al¬ 
though many EIEC serotypes do not ferment lac¬ 
tose and most are lysine decarboxylase-negative 
and nonmotile, no biochemical test is absolutely 
specific in identifying these organisms. There are 
also cross-reactions between EIEC and Shigella O 
antigens, which may result in misidentification of 
some lactose-negative EIEC serotypes that aggluti¬ 
nate in Shigella antisera. The lactose-positive strains 
cannot be visually differentiated from nonpatho¬ 
genic E coli flora. 

Epidemiology 

Outbreaks of illness due to EIEC from contaminated 
food have been described 47,48 but are infrequent. 
Person-to-person transmission has been described 49 
and may be important for sporadic cases, but most 
cases have been associated with outbreaks that have 
been foodborne. EIEC is a recognized enteric patho¬ 
gen in pediatric populations of some developing 
countries 47 and has been detected in travelers with 
diarrhea. 50 

Pathogenesis and Clinical Findings 

The pathogenetic mechanisms of EIEC are simi¬ 
lar to those of Shigella organisms. As with shigel- 
lae, EIEC possesses a large virulence plasmid, which 
confers the capacity for epithelial cell invasion and 
is necessary for full pathogenicity. The large viru¬ 
lence plasmids of EIEC and Shigella organisms are 
functionally identical and exhibit considerable DNA 
homology. 51 Like Shigella organisms, EIEC does not 
produce enterotoxins. One notable difference between 
EIEC and Shigella organisms is that a much larger 
inoculum of the former is required to cause disease 
(10 8 versus about 10 2 organisms, respectively); 
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however, this has only been definitively shown for 
one EIEC strain. 10 

Although the illness caused by EIEC cannot be 
differentiated from shigellosis, the overall severity 
of illness is probably less with EIEC. 43 Diarrhea, fe¬ 
ver, nausea, and abdominal cramping are the most 
common symptoms. 10,47,48 Bloody diarrhea and se¬ 
vere illness requiring hospitalization are uncom¬ 
mon, and the disease is self-limited. 

Diagnostic Approaches 

When conventional methods do not identify 
pathogens associated with invasive disease, random 
lactose-positive E coli colonies can be picked and 
saved for further identification by a reference labo¬ 
ratory. The individual colonies can then be tested 
for invasiveness in the definitive biological test of 
guinea pig keratoconjunctivitis (Sereny test). An 
enzyme-linked immunosorbent assay that detects 
the presence of outer membrane proteins associated 
with the virulence plasmid has been shown to be a 
useful screening tool and correlates closely with a 
positive keratoconjunctivitis test. 43 DNA probes 
based on the virulence plasmid 43,52 have been shown 
to be sensitive epidemiologic tools for rapidly screen¬ 
ing large numbers of E coli samples to identify EIEC. 

Recommendations for Therapy and Control 

Little is known about the antibiotic-resistance 
patterns of EIEC or about the usefulness of antibi¬ 
otic treatment for EIEC-related illness. Keeping in 
mind the other similarities of EIEC-related illness 
to shigellosis, though, significant symptomatic ill¬ 
ness with fever and dysentery should probably be 
treated with antibiotics such as TMP/SMX, ampi- 
cillin, or one of the quinolones. 

Enteropathogenic Escherichia coli and Other 
Types of Enteroadherent Escherichia coli 

Introduction and Military Relevance 

EPEC strains are a common cause of diarrhea, 
particularly among children living in developing 
countries and may be a cause of traveler's diarrhea 
as well. It is significant for the military in that it is 
one of the many undiagnosed causes of diarrheal 
disease in the developing world. The first associa¬ 
tion with E coli and enteric infection was made in 
the 1940s when certain serotypes of E coli were in¬ 
criminated by epidemiologic methods as important 
causes of infantile summer diarrhea and epidemic 
diarrhea in nurseries. 53 The most frequently incrimi¬ 


nated serogroups (ie, 055, 086, Olll, 0114, 0119, 
0125, 0126, 0127, 0128, 0142) were termed "en¬ 
teropathogenic E coli" or EPEC. 54 

Description of the Pathogen 

EPEC organisms do not produce enterotoxins or 
cytotoxins and do not invade and destroy intestinal 
epithelial cells. EPEC is now defined as a class of E 
coli capable of causing diarrhea in humans that at¬ 
taches to and effaces the microvilli of enterocytes but 
does not produce high levels of Shiga-like toxins. 55 
The in vitro adherence pattern of EPEC on HEp-2 
cells is described as localized adherence. 56 E coli not 
belonging to the EPEC serotypes can adhere in pat¬ 
terns described as diffuse or enteroaggregative, and 
the role of these pathogens in causing diarrheal dis¬ 
ease for adults in the developing world is unclear. 
One such strain was isolated from a traveler to 
Mexico. 57,58 The best documented association was a 
foodborne outbreak in 1991 in Minnesota that was 
associated with E coli 039 that produced the 
enteroaggregative heat-stabile toxin (EAST). 46 This 
class of E coli may be one of the undocumented 
causes of diarrhea in the developing world. 

Epidemiology 

EPEC and other adherent E coli possess a virulence 
factor known as enteroadherent factor (EAF). In a 
case-control study of endemic diarrheal disease, EAF- 
positive E coli was isolated from 7% of 272 Thai 
children under 6 months of age with diarrhea and 
3% of controls. 3 There was no association with diar¬ 
rhea in children older than 6 months of age. The two 
most commonly isolated EAF-positive E coli were clas¬ 
sic EPEC serotypes 0119:H6 and 0127:H6. Overall, 
of the 64 EAF-positive E coli samples, 35 belonged to 
EPEC serogroups (21 were EPEC 0:H serotypes) and 
29 did not belong to EPEC serogroups. It is not clear 
if EPEC organisms of nonclassic serotypes are as 
pathogenic to humans as EPEC organisms of classic 
serotypes. Diffuse E coli was not associated with diar¬ 
rhea. In Brazil, localized-adherence E coli was isolated 
from 23% of infants younger than 1 year old with di¬ 
arrhea and 2% of controls, a significant difference. 59 

Pathogenesis and Clinical Findings 

EPEC strains appear to cause disease by tightly 
adhering to the intestinal mucosa of animals and hu¬ 
mans. Biopsies of the small bowel reveal that EPEC 
has the ability to adhere to the intestinal epithelium 
in discrete microcolonies, causing a destruction of the 
cell below. The histopathologic lesion is caused by 
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EPEC's adherence to the enterocyte surface. 60 In elec¬ 
tron microscopic studies of EPEC, Knutton and col¬ 
leagues 61 have found that EPEC causes effacement at 
the apical enterocyte membrane and localized destruc¬ 
tion of brush border microvilli of the intestinal epi¬ 
thelial cell. The enterocyte membrane forms a pedes¬ 
tal or platform on which the bacteria adhere. Efface¬ 
ment appears to be a crucial step in the pathogenesis 
of EPEC diarrhea and requires the 80-kilobase EAF 
plasmid. Strains lacking the EAF plasmid no longer 
adhere to epithelial cells and are less virulent. 62 EPEC 
strains express bundle-forming pili that form a mesh- 
work to stabilize the bacterial colony on the epithe¬ 
lium. 63 The gene coding for bundle-forming pili fila¬ 
ment is encoded on the EAF plasmid. 

In outbreaks occurring in infants in nurseries and 
daycare centers, infections can be severe and similar 
to rotavirus infection. In the developing world, EPEC 
may be a cause of acute and chronic diarrhea. 64 In 
adult volunteers, EPEC causes watery diarrhea 7 to 
16 hours after ingestion of a large inoculum. 62 Three 
to four liters of diarrheal stool may be lost during the 
2-day illness. Abdominal cramps, nausea, vomiting, 
malaise, and fever can also commonly occur. 


Introduction and Military Relevance 

Campylobacter organisms are one of the most com¬ 
mon causes of acute bacterial diarrhea in the world. 
They affect children in developing countries and mili¬ 
tary personnel and travelers to developing countries. 
They are also one of the most common bacterial causes 
of diarrhea among all ages in developed countries and 
have an epidemiology and food-borne transmission 
similar to Salmonella organisms. Campylobacter jejuni 
and C coli have their natural reservoirs in the intestinal 
tracts of wild and domestic animals, predominantly 
chickens and cattle. Transmission of the infection to 
humans occurs through ingestion of contaminated 
chicken, other meats, or milk or by direct contact with 
infectious animal feces. The disease is characterized 
by acute watery diarrhea or dysentery, fever, and ab¬ 
dominal pain that is usually self-limited over a few 
days. Military units have been affected through eating 
improperly cooked chicken, and a large waterborne 
outbreak occurred on a military post when a water 
tower became contaminated from nesting birds. 67 

Description of the Pathogen 

Campylobacter species are gram-negative, curved, 
rod-shaped bacteria with a polar flagellum. C jejuni 
is the species most commonly associated with diar- 


Diagnostic Approaches 

DNA probes for genes associated with virulence 
are now available for use in large epidemiologic 
investigations. 65,66 At present DNA probes are the 
most practical method for screening (followed by 
tissue culture assays) for further differentiating 
enteroadherent strains. E coli serotyping is also use¬ 
ful but can only be performed in a few reference 
laboratories. 

Recommendations for Therapy and Control 

The treatment guidelines for ETEC infection can 
be used for EPEC infection. 

Very little is known about animal reservoirs for 
enteroadherent E coli. During EPEC outbreaks, stan¬ 
dard public-health and infection-control procedures 
are important for interrupting transmission. Isolation 
of cases, cohorting by area and nursing personnel, 
institution of strict handwashing procedures, and 
prevention of common exposure to equipment, bed¬ 
ding, or solutions are all indicated. 

[David N. Taylor] 

2R ENTERITIS 

rhea. Other species associated with diarrhea include 
C coli, C laridis, C hyointestinalis, and C upsaliensis . 6S 
These species can be distinguished biochemically 
from C jejuni by their inability to hydrolyze hippu- 
rate. These hippurate-negative or atypical hippu- 
rate-positive Campylobacter strains may account for 
5% to 15% of the total Campylobacter isolated from 
patients with diarrhea. 69,70 

Campylobacter organisms are microaerophilic: they 
grow best in reduced oxygen concentrations of about 
5%. They will not grow in atmospheres with ambient 
oxygen or under anaerobic conditions. The impor¬ 
tance of Campylobacter species as human pathogens 
was overlooked until the 1970s because they do not 
grow on routine bacteriological media for stool patho¬ 
gens. 71 Selective growth conditions are used in iden¬ 
tifying Campylobacter organisms to take advantage of 
their microaerophilic and thermophilic (42°C) char¬ 
acteristics. C jejuni and C coli are naturally resistant to 
vancomycin, polymyxin, and the cephalosporins. 
These antibiotics can be incorporated into the media 
to further select these Campylobacter species from other 
enteric flora. Two different serotyping schemes are 
used to distinguish among strains of C jejuni and C 
coli. 72 Over 100 Lior serotypes based on the heat-la- 
bile flagellar proteins have been described, and a 
scheme based on heat-stable, or Penner, serotypes has 
identified 60 different serotypes. 
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Epidemiology 

Transmission and Geographic Distribution 

Transmission of infection to humans occurs by 
ingestion of the organism, usually in contaminated 
food. Outbreaks affecting both children and adults 
may be traced to contaminated sources of drinking 
water, poultry, eggs, unpasteurized milk, and raw ham¬ 
burger meat. 73 Chicken bought in retail stores can 
be contaminated with Campylobacter organisms, and 
improper cooking can lead to infection. Direct contact 
with animal feces is probably important in areas of 
poor sanitation or close contact with domestic ani¬ 
mals. Waterborne outbreaks have been associated 
with surface water contamination and contamina¬ 
tion in water towers from bird droppings. Food 
handlers who are asymptomatic excretors of C jejuni 
are not a significant source of infection. 

Campylobacter infection has a cosmopolitan dis¬ 
tribution. It has been reported as a cause of infec¬ 
tion on all continents. These bacteria have a 
zoonotic reservoir. 74 They inhabit the intestinal 
tracts of a variety of birds, including chickens, tur¬ 
keys, and water fowl; farm animals, including pigs, 
cows, sheep, goats, and horses; domestic dogs and 
cats; and wild rodents and monkeys. Frequently, 
these animals are infected but do not usually show 
signs of illness. 

Incidence 

Campylobacter organisms are one of the most com¬ 
mon bacterial causes of diarrhea in developed coun¬ 
tries. 68,75,76 The isolation from fecal samples is almost 
always associated with diarrheal disease or other 
enteric symptoms. It affects all age groups and has 
the highest incidence in children under 5 years old. 
There is also a marked increase in incidence in 
young adults that makes Campylobacter a particu¬ 
larly important cause of diarrhea in this age group. 

Campylobacter organisms are a common cause of 
diarrhea in travelers 77 and military personnel from 
developed countries going to the tropics. 78 In de¬ 
veloping countries Campylobacter enteritis ranks 
with rotavirus infection, enterotoxigenic Escherichia 
coli infection, and shigellosis as a leading cause of 
acute diarrhea in children. 79 Surveys of childhood 
diarrhea in the tropics showed that Campylobacter 
organisms were isolated from the stool cultures of 
4% to 35% of cases, with the highest rate of infec¬ 
tion reported in infants with diarrhea. Older chil¬ 
dren and adults are infected less frequently because 
of immunity acquired in early childhood. 80 Healthy 
children in developing countries frequently show 


asymptomatic infection. Infections caused by C coli 
are more likely to be asymptomatic than ones 
caused by C jejuni. The ratio of cases of diarrhea to 
all persons infected with Campylobacter organisms 
is highest in infancy and declines with increasing 
age. Second infections may be due to different se¬ 
rotypes of Campylobacter. Immunity, which can be 
total or partial, serves to prevent illness or decrease 
the severity of illness. 

In developed countries, there is an increased inci¬ 
dence of infection during summer months. In tropi¬ 
cal developing countries, infection occurs during all 
seasons. In more temperate developing countries, 
such as in north Africa, there is a higher prevalence 
of infection during the wet, winter months. 

Pathogenesis and Clinical Findings 

The infective dose is estimated to vary from 800 
to 10 6 bacteria. 81 C jejuni is killed by normal gastric 
acidity (pH 2.3), indicating that gastric acid is an 
effective barrier against infection and that ingestion 
of organisms with milk or other food that neutral¬ 
izes acid may enhance infection by reducing the 
required inoculum. The incubation period varies 
from 1 to 7 days and is usually 2 to 4 days. During 
the incubation period, illness, and convalescence, 
C jejuni multiplies in the intestine and is excreted 
in feces in quantities of 10 6 to 10 9 organisms per 
gram of stool. The duration of fecal excretion var¬ 
ies from about 8 days in children 1 to 5 years old, to 
14 days in infants, to up to 3 months in adults not 
treated with antibiotics. 68,73 

Pathogenesis 

C jejuni invades epithelial cells, which leads to ul¬ 
cerated mucosa and bloody diarrhea. 82 The regions of 
the intestine most affected are the jejunum, terminal 
ileum, and colon. Biopsies of infected intestines show 
inflammatory infiltrates in the lamina propria, crypt 
abscesses, and mucosal ulceration. Bacteria gain ac¬ 
cess to the bloodstream, but bacteremia is uncommon 
because most strains of C jejuni are susceptible to the 
bacteriolytic action of serum complement. 83 There is 
evidence for the presence of cytotoxins, enterotoxins, 
invasiveness, and adherence properties in some iso¬ 
lates, but as yet there is no well-defined association 
between specific clinical syndromes and any putative 
virulence characteristic. 82 

Clinical Findings 

The characteristic clinical features of Campylobacter 
enteritis are fever, diarrhea, and abdominal pain. 84 
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The diarrhea may be either watery or dysenteric, 
with the presence of blood or mucus in liquid stool. 
In developing countries, most children present with 
watery diarrhea rather than dysentery, whereas a 
larger portion of patients in developed countries 
report dysenteric disease. Fever, nausea, vomiting, 
and malaise may precede the onset of diarrhea by a 
day or more, and such nonspecific constitutional 
symptoms may be more severe than the diarrhea 
itself. The disease is usually self-limited and lasts 1 
to 7 days. Severity of disease varies widely: stool 
frequency may vary from one to more than eight 
times a day. Most cases are mild, but about 20% of 
cases will have prolonged, severe disease with high 
fever, grossly bloody stools, and relapses. The ab¬ 
dominal pain may be severe, and, because it is 
sometimes localized to the right lower quadrant, 
patients with this infection have been subjected to 
laparotomy for suspected appendicitis. Cases of toxic 
megacolon, pseudomembranous colitis, and massive 
rectal bleeding have been reported. 85 Usually exami¬ 
nation of stool reveals fecal leukocytes and some¬ 
times red blood cells. Often, a Gram's stain of stool 
shows bacterial forms, including spiral or "seagull" 
shapes, suggestive of Campylobacter morphology. 

Fatalities from this illness are rare in the devel¬ 
oped world, but children in developing countries 
with severe diarrheal syndromes commonly die. In 
Bangladesh, Campylobacter organisms were the 
fourth most common cause of diarrhea in children 
who died, and most of those children showed se¬ 
vere colitis and the complicating conditions of 
pneumonia, septicemias with other organisms, and 
malnutrition. 86 Less common complications re¬ 
ported in patients with Campylobacter enteritis in¬ 
clude hypoglycemia, pancreatitis, peritonitis, and 
cholecystitis. A reactive arthritis may develop in 
patients who have the HLA-B27 haplotype. 87 

C jejuni infection has been identified as one of 
the triggers of Guillain-Barre syndrome (GBS), and 
acute motor axonal neuropathy. 87,88 Between 20% 
and 40% of GBS cases have serological or microbio¬ 
logic evidence of a C jejuni infection, usually within 
a month of the onset of neurological symptoms. GBS 
cases with C jejuni infection were significantly asso¬ 
ciated with a slower recovery and a poorer outcome 
than GBS cases not associated with a Campylobacter 
infection. 88 

Diagnostic Approaches 

The diagnosis of Campylobacter enteritis requires 
isolation of the bacterium from stool cultures. This 
requires selective media, such as Skirrow's or Campy- 


BAP, incubation at 42°C, and a microaerophilic en¬ 
vironment, such as a Gas-pak (BBL Microbiology 
Systems, Cockeysville, Md.) or, less optimally, a 
candle jar. 71,73 Identification follows standard bacte¬ 
riological techniques. Fresh stool should be exam¬ 
ined for the presence of leukocytes and to exclude 
the possible presence of trophozoites of Entamoeba 
histolytica. In the tropics, patients are frequently 
coinfected with more than one enteric pathogen. 
Endoscopy is not routinely advised; however, when 
inflammatory bowel disease is considered in the 
differential diagnosis, colonoscopy with biopsy may 
be useful. The colonic mucosa will show erythema, 
superficial ulcerations, and friability, and the biopsy 
will reveal characteristically acute inflammation 
and crypt abscesses. 

Recommendations for Therapy and Control 
Therapy 

As in other diarrheal diseases, the most important 
therapeutic approach is rehydration, which can be 
carried out with either isotonic intravenous fluids 
or oral rehydration solutions. Severe dehydration 
due to this disease is infrequent. Use of antibiotics 
in Campylobacter infection is not routinely indicated, 
but they may be used to shorten illness when pa¬ 
tients have bloody diarrhea. 73 In patients with 
bloody diarrhea, treatment with erythromycin 
should be considered. Most strains of C jejuni are 
susceptible to erythromycin, tetracyclines, amino¬ 
glycosides, clindamycin, chloramphenicol, and 
quinolones (eg, nalidixic acid, norfloxacin, ciproflox¬ 
acin, ofloxacin). Resistance to the fluoro-quinolone 
antibiotics can be a problem in treatment, particu¬ 
larly in the developing world. Azithromycin was 
evaluated as an alternative to ciprofloxacin for the 
treatment of ciprofloxacin-resistant Campylobacter ac¬ 
quired in Thailand by US military personnel. 78 In 
this study, nearly half of the Campylobacter infections 
were caused by ciprofloxacin-resistant organisms. 
Azithromycin was significantly more efficacious 
than ciprofloxacin in reducing the time of illness 
and the duration of shedding of the organism. 

Control 

Prevention of infection requires the provision of safe 
food and water. All meats, but especially poultry, 
should be handled with the assumption that they 
could be contaminated with Campylobacter organisms 
and other bacterial pathogens such as Salmonella 
organisms. Transmission of Campylobacter infection 


1010 


Diseases Transmitted by Food, Water, and Soil 


can be reduced by cooking meats thoroughly and 
avoiding contamination of other foods by the juices 
of uncooked meats. Travelers to developing countries 
should take the usual precautions to avoid most 
uncooked foods and to ensure that their cooked 
food is served fresh, thoroughly cooked, and still hot. 
Handwashing before meals is a good preventive 
measure against most enteric infections. As discussed 
with enterotoxigenic Escherichia coli infections (see 
earlier in this chapter), prophylactic antibiotics are 
not usually recommended. The presence of immu¬ 
nity after natural infection suggests that a vaccine 


strategy might work. An oral, inactivated whole cell 
vaccine for Campylobacter is under development. 

Reducing the hyperendemic transmission of 
Campylobacter infection in developing countries re¬ 
quires improvements in basic hygiene and living 
conditions of the people. Because children acquire 
infection in infancy and early childhood by ingest¬ 
ing contaminated food and by direct contact with 
animals, household methods of food preparation 
must be improved and animals, especially chick¬ 
ens, must be kept away from people's homes. 

[David N. Taylor] 


VIRAL GASTROENTERITIS 


Introduction and Military Relevance 

Diarrheal illness is one of the major causes of 
morbidity and mortality worldwide, especially in 
the developing world and among infants and young 
children everywhere. It is historically perhaps the 
most common cause of hospitalization and lost duty 
time for deployed military persons because of the 
difficulty in maintaining good hygienic standards 
in foreign and field environments. Diarrhea and 
accompanying gastrointestinal symptoms, such as 
bloating, cramping, and nausea, will be referred to 
here as gastroenteritis. 

The first bacterial cause of gastroenteritis was 
discovered in 1883 when Koch isolated the cholera 
vibrio. Although many other bacterial sources have 
since been identified, the etiology of the majority 
of these illnesses has been elusive. Viruses were 
suspected but could not be etiologically confirmed, 
even during virology's golden age (the 1950s and 
1960s) when tissue culture techniques lead to the 
discovery of hundreds of viruses. 

The development of electron microscopic tech¬ 
niques permitted a quantum leap in understanding 
the etiology of diarrhea. In the single year from 
November 1972 to 1973, two of the most important 
diarrhea-causing viruses worldwide were discov¬ 
ered. 89 Immune electron microscopy—the direct vi¬ 
sualization of antigen-antibody complexes—was 
used to detect the Norwalk virus, a primary cause 
of adult gastroenteritis. The following year, a thin 
section electron micrograph of duodenal mucosa re¬ 
vealed rotavirus, the single most important cause of 
severe diarrheal illness in infants and young children. 

Further advances in electron microscopy and 
genomic sequencing have allowed the identification 
of other gastroenteritis-causing viruses that could 
not be detected with standard laboratory equipment 
and training. Special, well-resourced surveillance 


programs, including advanced laboratory capabili¬ 
ties, are necessary for definitive diagnosis of viral 
gastroenteritis. In the military, only some tertiary 
care centers, research facilities, and contracted labo¬ 
ratories currently have this capability. 

These viruses' wide geographic distribution and 
high infectivity in typical military living environ¬ 
ments make them a high military medical priority. 
For example, in 1998 US Army recruits at Fort Bliss, 
Texas, experienced an outbreak of viral gastroen¬ 
teritis apparently associated with a particular din¬ 
ing facility. Twelve percent of the soldiers in one 
unit (99 soldiers) were hospitalized. The causative 
agent was a Norwalk-like virus. 90 

In a survey of more than 2,000 servicemembers 
deployed to the Persian Gulf War in 1990 and 1991, 
20% admitted to being kept from their duties at 
some time by diarrheal disease. 11 Using a variety of 
methods to identify causal pathogens, epidemiolo¬ 
gists found Norwalk-like viruses to be the primary 
agent in servicemembers with vomiting and diar¬ 
rhea. They may also have been a widespread cause 
of gastroenteritis during the colder months before 
surveillance started. 

In the spring of 1992, a large outbreak of acute 
gastroenteritis on a US Navy aircraft carrier was 
caused by a Norwalk-like virus. The outbreak lasted 
35 days, and during that time 8% of the crew of 4,500 
sailors reported to sick-bay. A questionnaire survey 
of two thirds of the crew identified 13% of respon¬ 
dents with symptoms. (The remainder of the crew 
had work conflicts on the days the survey was dis¬ 
tributed.) The outbreak all but disappeared when 
most of the sailors went on shore leave but reap¬ 
peared when they returned. This outbreak virtually 
exhausted some of the carrier's critical medical sup¬ 
plies even though only 58% of sailors with symp¬ 
toms sought medical care. 91 

A group of Air Force and Army Special Forces 
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personnel deployed for 1 month (February 1993) to 
northern Thailand experienced a gastroenteritis 
outbreak with an attack rate of 28%. 92 Stool speci¬ 
mens were obtained from 24 of 95 patients. Among 
the pathogens recovered was rotavirus, the most 
common cause of infantile diarrhea but a less-com¬ 
mon cause in adults. These findings indicate that 
military populations may be at risk of infection from 
viruses that typically affect young children. 

Viral diarrhea has a worldwide sinister reputa¬ 
tion for its morbidity and mortality among infants 
and young children, but it is often considered a rela¬ 
tively minor nuisance for adults. In military popu¬ 
lations, however, which experience travel, crowded 
and austere living conditions, and large dining fa¬ 
cilities as a way of life, epidemics of viral diarrhea 
are more potent risks. The dangers are amplified 
by the importance of having each member of a unit 
functional. 

Description of the Pathogens 

Viruses that cause gastroenteritis generally fall 
into three categories: small and round with surface 
structures, small and round but featureless, and 
larger, less uniformly shaped viruses. The first 


group (small, round, surface-structured) consists of 
those that are the principal causes of viral diarrhea 
in adults. Classification has matured recently as 
genomic sequencing and other new techniques have 
added to observations of external structure as bases 
for categorization (Table 37-3). 

Small Round Viruses with Surface Features 

This group, whose prototype is the Norwalk vi¬ 
rus, comprises two families. Caliciviridae includes 
Norwalk, Norwalk-like, and classic caliciviruses, 
and Astroviridae includes the astroviruses. They are 
approximately 30 nm in diameter and contain a 
single strand of positive-sense RNA. The surface 
features seen in this group consist of either inden¬ 
tations (small round structured viruses or SRSVs), 
cup-like hollows with six-pointed stars (classic 
calicivirus), or five- or six-pointed stars with a cen¬ 
tral stain (astrovirus). 93 

The subgroup of SRSVs are also known as 
Norwalk and Norwalk-like viruses. Each virus in 
the subgroup is named for the place of the outbreak 
from which it was first isolated; for example, the 
prototype virus was first isolated from an outbreak 
in Norwalk, Ohio. Antigenic studies by immune 


TABLE 37-3 

SIGNIFICANT VIRUSES ASSOCIATED WITH HUMAN GASTROENTERITIS 


Morphology 

Family 

Virus 

Remarks 

Small Round 

With surface features 

Caliciviridae 

SRSV (Norwalk, Norwalk-like) 

classic calicivirus 

> four serotypes (Norwalk, Hawaii, Snow 
Mtn, Taunton) 


Astroviridae 

astrovirus 

seven serotypes 

Without surface features 

Picornaviridae 

Parvoviridae 

enterovirus (Hepatitis A, polio, 
echo, coxsackie) 
parvovirus 

diarrhea is a minor symptom 

Larger, less uniform 

Reoviridae 

Adenoviridae 

SRSV small round structured virus 

rotavirus 

adenovirus (serotypes 40, 41) 

groups, subgroups, serotypes 


Sources: (1) Hyams KC, Bourgeois AL, Merrell BR, et al. Diarrheal disease during Operation Desert Shield. N Engl J Med. 
1991,325:1423-1428 (2) Sharp TW, Hyams KC, Watts D, et al. Epidemiology of Norwalk virus during an outbreak of acute gastro¬ 
enteritis aboard a US aircraft carrier. ]Med Virol. 1995;45:61-67 (3) Belliot G, Laveran H, Monroe SS. Outbreak of gastroenteritis in 
military recruits associated with serotype 3 astrovirus infection. ] Med Virol. 1997;51:101-106 (4) Matsui SM, Greenberg HB. 
Astroviruses. In: Fields BN, Knipe DM, Howley PM, et al, eds. Fields Virology. 3rd ed. Philadelphia: Lippincott-Raven; 1996: 979- 
1016. 
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electron microscopy have resulted in the identifica¬ 
tion of at least four serotypes (ie, Norwalk, Hawaii, 
Snow Mountain, and Taunton). Three genotypes 
have also been distinguished, 94 but they do not di¬ 
rectly correlate with the serotypes, which suggests 
the need for further study and refinement of the 
classification. 

The astroviruses and classic caliciviruses are rela¬ 
tively minor causes of adult gastroenteritis. 1 
Astrovirus serotype 3 was found in an outbreak of 
gastroenteritis in French military recruits. 95 No sero¬ 
types have been identified for classic caliciviruses. 96 

Small Round Featureless Viruses 

Unstructured, or featureless, small viruses asso¬ 
ciated with gastroenteritis are parvoviruses and 
enteroviruses. Infection with the latter (including 
hepatitis A, polio, coxsackie, and echo viruses) is not 
mainly manifested by gastroenteritis, although these 
viruses may cause an incidental, mild diarrhea. 97,98 
Hepatitis viruses are discussed in Chapter 38. 

Larger, Variously Shaped Viruses 

This group contains, most notably, rotaviruses 
and adenoviruses. 

The rotaviruses are members of the Reoviridae 
family and are distinguished by their wheel-like 
(rota means "wheel" in Latin) appearance in an elec¬ 
tron micrograph. 99 Members of the rotavirus genus 
infect humans and many domestic and laboratory 
animals. The rotaviruses contain group, subgroup, 
and serotype antigens. The rotaviruses have been 
divided into seven groups, designated A thru G, of 
which groups A, B, and C have been recovered from 
humans. The VP6 protein, making up 50% of the 
virion, contains the group-specific antigen. The 
group A rotaviruses have been antigenically classi¬ 
fied into 14 serotypes. 

Adenoviruses are icosahedral particles 70 to 100 
nm in diameter 100 with fiber projections. The human 
adenoviruses are classified into at least 47 serotypes, 
which fall into 6 subgroups. They cause a variety 
of illnesses in humans, including respiratory, ocu¬ 
lar, and diarrheal diseases. The subgroup F 
adenoviruses, serotypes 40 and 41, are responsible 
for diarrheal disease in humans and have been re¬ 
ferred to as the fastidious adenoviruses because of 
the difficulty of propagating them in cell cultures. 

Torovirus, coronavirus, pestivirus, and pico- 
birnavirus have all been associated with diarrhea 
in humans but require further evaluation before 
they are widely accepted as causes of the illness. 89,97,98 


Epidemiology 

Transmission 

All diarrhea-causing viruses are transmitted 
mainly through the fecal-oral route. 

Of the small round structured viruses, the 
Norwalk and Norwalk-like viruses, or SRSVs, are 
the most important cause of epidemic, nonbacte- 
rial gastroenteritis in the world. They may be the 
most common cause (including bacterial) of gastro¬ 
enteritis in the developed countries. They are the 
only gastroenteritis-causing viruses that predomi¬ 
nantly affect adults. The SRSV group has been 
shown to cause outbreaks in such diverse environ¬ 
ments as family settings, health care institutions, 
travel situations, nursing homes, and schools. 

Transmission of SRSVs, as well as being between 
persons by the fecal-oral route, can also be through 
common-source outbreaks associated with contami¬ 
nated food or water. Virus particles occur in vomit 
and feces and are infective in very low doses (10 to 
100 virus particles). Spread of infection therefore 
can occur via aerosol droplets, although this is not 
true respiratory transmission because the droplets 
are aerosolized by vomiting, rather than by cough¬ 
ing, sneezing, or other respiratory acts. Movement 
of contaminated laundry can also aerosolize viral 
particles. Not surprisingly, the spread of disease is 
rapid, and the secondary attack rate is high: over 
50%. 101 Some shellfish-associated outbreaks have 
attack rates of 90%. 102 

Many other viruses causing gastroenteritis are 
also transmitted via common sources. Major sources 
of foodborne viral gastroenteritis are bivalve mol- 
lusks (eg, oysters, clams, cockles, mussels) and other 
shellfish contaminated from raw sewage. Fruits and 
vegetables can be contaminated with polluted irri¬ 
gation water or with untreated sewage sludge used 
as fertilizer. So far, however, outbreaks attributed 
to salad items have been thought to be caused by 
contamination during preparation from infected 
food handlers. 102 

Among the small featureless viruses. Parvovirus-like 
particles have been associated with shellfish-related 
outbreaks. They are also found in well persons, 98 
though, so their transmission by contaminated food 
is less certain. 

One of the larger viruses, rotavirus (group A), is 
the major cause of pediatric morbidity and mortality 
from diarrhea throughout the world. A high inocu¬ 
lum (eg, from close contact with an infected infant, 
from drinking heavily contaminated water) or low¬ 
ered immunity can produce minor illness in older 
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children and adults. Waning immunity with age 
may also contribute to adult disease. Group B 
rotavirus has caused very large epidemics in adults 
in China but not elsewhere. 97 

Adenoviruses are not believed to be transmitted 
via food or water. Person-to-person transmission is 
probably the mechanism for spread of infection. 

Geographic Distribution 

All diarrhea-causing viruses are found worldwide, 
but there are differences in relative incidences among 
age groups and environmental settings. The SRSVs 
and enteric adenoviruses occur year-round, with 
peaks in the winter. 101 Rotavirus outbreaks occur 
during the cooler months in northern Europe and 
North America, where a yearly wave starts in the 
southwest in November and ends in New England in 
March. 97 The disease is year-round in areas within 10 
degrees latitude of the equator. 

Incidence 

Figure 37-2 shows prevalences of the most common 
causes of viral gastroenteritis in school-aged children 
and adults in a developed country. In the United 
States, about 50% of adults have antibodies to 
Norwalk or Norwalk-like viruses by age 50. 102 In 
developing countries, however, SRSV antibody 
acquisition occurs in a similar fashion to that of 
rotavirus: neonates and very young children are more 
commonly affected. 

SRSVs commonly circulate in communities and 



Fig. 37-2. The cumulative percentages of enteric viruses 
in the United Kingdom, 1990-1995. 

Adapted from: Caul EO. Viral gastroenteritis: Small 
round structured viruses, caliciviruses and astroviruses. 
Part II: The epidemiological perspective. } Clin Pathol. 
1996;49:960, with permission from the BMJ Publishing 
Group. 


are believed to cause approximately 10% to 40% of 
gastrointestinal outbreaks in recreational camps, 
cruise ships, families, elementary schools and col¬ 
leges, nursing homes, hospitals, cafeterias, and 
sports teams. 89,97,102 Although illness is relatively 
minor and short, the high attack rate causes a sub¬ 
stantial loss of productivity at school and work. 93 
For example, an SRSV outbreak associated with one 
infected bakery worker affected 3,000 persons and 
led to temporary closure of hospitals and schools in 
Minneapolis-St. Paul in 1982. 103 The similarities be¬ 
tween the above settings and those found in military 
barracks, camps, and ships, along with the signifi¬ 
cance of lost productivity, suggests that the impact 
of SRSVs in the military may be substantial, but sur¬ 
prisingly little is known about viral gastroenteritis 
in these settings. 

The other small structured viruses, calicivirus 
and astrovirus, are primarily found in the pediat¬ 
ric population. Calicivirus causes more pediatric 
diarrhea than any bacterial cause, but it is still less 
common than rotavirus. Calciviruses are rarely 
found in adults, except occasionally in nursing 
homes residents, where waning immunity may be 
a factor. 97,98,101 Enteric adenoviruses are considered 
the second-most important group of viruses asso¬ 
ciated with severe pediatric diarrhea. 89 

Pathogenesis and Clinical Findings 

Gastroenteritis caused by SRSVs is usually a com¬ 
paratively mild, self-limiting illness lasting approxi¬ 
mately 12 to 60 hours. After an incubation period 
of about 24 to 48 hours, there is acute onset of nausea 
and vomiting (often explosive and projectile), abdom¬ 
inal cramping, and nonbloody diarrhea. Patients may 
have either vomiting or diarrhea or both, although 
vomiting is somewhat more prominent among chil¬ 
dren and diarrhea among adults. Symptoms, acute¬ 
ness of onset, and a high secondary attack rate are 
characteristic enough to permit presumptive clini¬ 
cal diagnosis of SRSV. 89,104 

The SRSV seems to infect mature enterocytes of 
the proximal small intestine, causing malabsorption 
of D-xylose, lactose, and fat for up to 2 weeks after 
onset of illness. Gastric secretion of hydrochloric 
acid, pepsin, and intrinsic factor remain normal, but 
gastric emptying is slowed substantially. The latter 
finding probably accounts for the prominence of 
nausea and vomiting in this illness. Infection with 
SRSV induces both local gut and serum antibodies. 
The presence of serum antibodies, however, does 
not seem to protect against re-infection. 

Classic calicivirus has an incubation period of 1 
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to 3 days, and illness lasts about 4 days. As in 
Norwalk-like illness, both vomiting and diarrhea 
may be present. Upper respiratory symptoms and 
fever occur less commonly. Unlike the case with 
SRSVs, antibodies to calicivirus may be protective. 

In children, astrovirus disease is similar to but 
less severe than rotavirus. 105 Incubation is 24 to 36 
hours, and illness lasts 1 to 4 days. Antibodies are 
probably protective. 

Rotavirus has a 2-day incubation period. Watery 
diarrhea lasts 3 to 8 days and vomiting 3 days. Illness 
is often accompanied by fever and abdominal pain. 
Illness may be followed by temporary lactose intol¬ 
erance. Infection confers long-term immunity to 
serious illness, but that immunity may wane with age. 

The enteric adenovirus incubation period is 3 to 
10 days, and illness lasts at least a week. Diarrhea 
is more prominent than vomiting or fever, and res¬ 
piratory symptoms are often present. The long-term 
immunity conferred by infection may wane with age. 

Viral gastroenteritis may be caused by multiple 
agents concurrently. This scenario is likely when 
shellfish or grossly contaminated water supplies are 
implicated. In outbreaks with mixed infections, dif¬ 
fering incubation periods may create the impres¬ 
sion that there is more than one outbreak. 

Diagnostic Approaches 

Except in instances where advanced laboratory 
capabilities (such as those found in the Theater 
Army Medical Laboratory or the Navy Joint For¬ 
ward Laboratory) are deployed, field diagnosis usu¬ 
ally depends on the clinical presentation of patients 
and the epidemiologic characteristics of outbreaks. 
Diagnoses based on these grounds are sufficient to 
initiate treatment and control measures. 

Where laboratory confirmation of the diagnosis 
is available, it is valuable because it provides a bet¬ 
ter epidemiologic picture of the causes and illness 
patterns that are so disruptive to operations and 
training. Appropriate specimen collection, han¬ 
dling, and storage are crucial to establishing the 
etiology of gastroenteritis outbreaks. Particular care 
is necessary to prevent transmission of any agent 
to the personnel collecting or handling the specimens. 

Since gastroenteritis-causing viruses are difficult 
to culture, other diagnostic tests are used. The tests 
include antigen and antibody detection by immu¬ 
noassays, electron microscopy, and polymerase 
chain reaction. Electron microscopy is the classic 
procedure to detect viruses, and it is still the gold 
standard. These procedures are labor intensive, 
however, and few electron microscopes and expe¬ 


rienced operators are available. 

Fortunately for public health, the application of 
molecular biological procedures in the 1980s and 
1990s resulted in determination of genome se¬ 
quences and their product capsid proteins 106 that 
made many of the viral antigens available for rapid 
diagnostic tests. For example, commercial kits are 
available for the diagnosis of rotaviruses 107 and 
adenoviruses types 40 and 41. 108 The problem with 
these tests lies in their wide range of sensitivities 
(70% to 100%) and specificities (50% to 100% ). 98 

Most individuals with viral gastroenteritis infec¬ 
tion will have a rise in antibodies to that virus, but 
because these agents are so common, paired sera 
are necessary to demonstrate recent infection. At 
this time, though, antibody detection methods are 
available for Norwalk-like viruses only. Molecular 
studies are also permitting the application of re¬ 
verse transcriptase polymerase chain reaction to 
SRSV diagnosis, although these procedures are not 
yet widespread. 

Stool or serum specimens should be collected for 
diagnoses of suspected outbreaks of viral gastro¬ 
enteritis, depending upon the tests to be used. The 
Centers for Disease Control and Prevention (CDC) 
recommends that stool specimens be collected 
within 48 hours of onset of symptoms (Exhibit 37-1). 
For outbreaks, electron microscopic examination or 
direct testing (antigen or reverse transcriptase poly¬ 
merase chain reaction) requires that large volumes 
of stool be collected from at least 10 individuals who 
have unformed stool. Diagnostic yield is low if there 
are fewer specimens. These specimens should be 
refrigerated. If long-term storage is required, the 
stools should be stored at -70°C or colder. Stool 
samples to be sent to the CDC must be identified with 
a waterproof label and sealed in a plastic bag. 

For antibody detection, serum is needed. Paired 
serum specimens should be collected during the 
first week and between the third and sixth weeks 
of illness. 98 

For the greatest yield, specimen collection should 
be accompanied by good clinical and epidemiologic 
information. Detailed directions for specimen col¬ 
lection and shipping are included in Exhibit 37-1. 

Recommendations for Therapy and Control 

The medical status of diarrhea patients should 
be assessed. Adults at risk for more severe illness 109 
are those over 60 years of age, those who have a 
variety of chronic or immunosuppressive diseases 
or conditions, and those taking therapy that de¬ 
creases gastric acidity (eg, hypochlorhydria, proton 
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EXHIBIT 37-1 

CENTERS FOR DISEASE CONTROL AND PREVENTION GUIDELINES FOR COLLECTING 
SPECIMENS FOR VIRAL DIAGNOSIS 


Stool 

• Collection in the first 48 hours. Presently, viral diagnosis of a stool sample can be made only when 
the level of excretion is approximately 1 million particles/mL. For many viruses, this level of excre¬ 
tion is present only during the first 2 days of illness, and occasionally during the third. If specimens 
are not collected during the first 2 to 3 days of illness, an agent is unlikely to be detected. Thus, 
appropriate specimens should be collected as soon as an outbreak occurs. Specimen collection should 
not await the results of epidemiologic and other investigations, since delay will almost certainly 
preclude a viral diagnosis. If information gathered subsequently indicates that a viral etiology is 
unlikely, the specimens can be discarded before the cost of testing is incurred. 

• Ten diarrheal bulk specimens. Bulk samples (enough to fill a large stool cup) are preferred, and only 
those specimens loose enough to assume the shape of their containers are likely to yield positive 
results. Serial specimens from persons with acute, frequent, high-volume diarrhea are particularly 
useful. The smaller the specimen and the more formed the stool, the lower the diagnostic yield. 
Rectal swabs are of little or no value. Specimens from at least 10 ill persons should be collected to 
maximize the chance that a diagnosis can be made. (The diagnostic yield is low when specimens 
from fewer than 10 persons are submitted.) 

• Storage at +4°C. Because freezing may destroy the characteristic viral morphology that permits a 
diagnosis by electron microscopy, specimens should be kept at +4°C. 

Paired Serum Specimens (essential for diagnosis) 

Acute: during the first week of symptoms 
Convalescent: 3rd to 6th week 

10 pairs from ill persons (the same persons submitting stool specimens) 

10 pairs from well persons 
Adults: 10 mL 
Children: 3 mL 

Tubes containing no anticoagulant (tubes with red tops) should be used for collection. 
Sera should be spun off and frozen. If a centrifuge is not available, a clot should be al¬ 
lowed to form, and the serum should be decanted and frozen. If this step cannot be taken, 
the whole blood should be refrigerated, not frozen. 

Other Specimens 

Viruses causing gastroenteritis cannot normally be detected in vomitus, water, food, or environmental 
samples. Although British researchers report electron microscope detection of virus in shellfish, no success¬ 
ful effort has yet been reported in the United States. 

Source: Centers for Disease Control. Viral agents of gastroenteritis: Public health importance and outbreak management. 
MMWR. 1990;39(RR-5):19. 


• Timing 

• Number 

• Quantity 

• Storage 


pump or histamine type 2 inhibitors, antacids). 
Angiotensin-converting enzyme inhibitors and di¬ 
uretics may also predispose those taking them to 
more serious gastrointestinal infections. 

At the same time, severity of illness (as measured 
by fever, shock, hematochezia, concomitant illness, 
and number of stools per 24 hours) and hydration 
status, including urine output, should be assessed and 


monitored. Treatment, which is mainly supportive, 
involves hydration and maintenance of fluids and 
electrolytes. 

Fluid replacement is best accomplished with an 
oral rehydration solution (ORS). These solutions 
were developed to be a simple, non-invasive, and 
inexpensive therapy for victims of severe cholera. 110 
It was known that sodium absorption was linked 
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with other ions (eg, glucose, amino acids, dipep¬ 
tides, tripeptides) at the intestinal brush border. 
However, early solutions contained higher levels of 
sodium than was optimal or even safe for less se¬ 
vere gastrointestinal infections and were associated 
with an increase in hypernatremia. 

The need for a single ORS that could be admin¬ 
istered to diarrhea patients regardless of age, etio- 
logic agent, and initial serum sodium value resulted 
in a solution that contained the following (in mmol/ 
L): sodium, 90; potassium, 20; chloride, 80; base, 30; 
and glucose. 111 (2%). This solution was approved 
by the World Health Organization and the United 
Nations International Children's Emergency Fund 
in 1975. 110 Oral rehydration solutions are available 
commercially and are encouraged for home use. 

Patients with mild-to-moderate dehydration 
quickly improve clinically with simple rehydration. 
In these patients, the first 24 hours of illness should 
be managed with ORS as the only fluid intake (at 
least 2 L). Subsequently, 200 mL of ORS per loose 
stool should be given, along with unrestricted di¬ 
etary and fluid intake. 

Glucose-based ORS does not reduce the duration 
of illness or the volume of stool, but early feeding 
can reduce the severity and duration of illness. 110 It 
appears that glucose, in addition to providing the 
ORS sodium cotransport ion, also creates excessive 
osmotic load and therefore exacerbates diarrhea. 
More complex molecules, such as complex carbo¬ 
hydrates and larger proteins, are slowly digested 
by intestinal enzymes and then absorbed (as glu¬ 
cose or smaller peptides and amino acids, respec¬ 
tively) along with sodium. Therefore, a diet that 
emphasizes starches, cereals, yogurt, fruits, and 
vegetables is recommended after the first 24 hours. 
Foods high in simple sugars create too high an os¬ 
motic load and should be avoided. 110 

Symptoms of severe dehydration include pro¬ 
found apathy, weakness, confusion, or coma. Signs 
are tachycardia, rapid breathing, systolic blood 
pressure below 90 mm Hg, peripheral vasoconstric¬ 
tion (eg, cyanosis, cold extremities), uremia, and 
oliguria or anuria. If the patient is severely dehy¬ 
drated or if ORS is not tolerated due to persistent 
vomiting, intravenous isotonic saline with potas¬ 
sium should be administered to replace fluid and 
electrolyte losses. In the event of acidosis due to 
severe dehydration, the replacement fluids should 
include 20% sodium bicarbonate (isotonic 1.26). 

Antidiarrheal agents may be considered for treat¬ 
ment of symptoms. Bismuth subsalicylate may de¬ 
crease abdominal cramping, but the reports are 
mixed on its effect on the duration of diarrhea. 98105 


Antimotility drugs, including opiates, loperamide, 
and diphenoxylate, may reduce symptoms but 
should be avoided in anyone with dysenteric symp¬ 
toms, since they are harmful in patients with shi¬ 
gella (bacterial) infection. 

Unfortunately, viruses that infect via the gas¬ 
trointestinal tract are relatively resistant to inacti¬ 
vation. Since they are acid-stable, they survive food 
processing and preservation methods that use a 
low-pH environment to inhibit bacterial and fun¬ 
gal organisms. Temperatures required to inactivate 
viruses are not well established but are higher than 
those that kill bacteria. Viruses can remain infec¬ 
tious after freezing. 102 

These difficulties in eliminating viruses from 
contaminated food make prevention of contamina¬ 
tion and outbreak control all the more important. 
The highest-risk foods are shellfish. Methods for 
optimal depuration (the self-cleansing actions of 
live shellfish after they have been moved to clean 
waters) are recommended, but they are less effec¬ 
tive for viruses than for bacteria (and testing for 
contamination typically focuses on Escherichia coli, 
a bacterium). No satisfactory system has yet been 
devised for removal of viruses. 102 

All foods for US servicemembers should be ap¬ 
proved according to military regulations. In areas 
where raw sewage is discharged into waters that con¬ 
tain shellfish, shellfish should be avoided altogether. 
The same is true for fruits and vegetables grown where 
raw sewage sludge is used as a fertilizer. 

In outbreak situations in military settings, ag¬ 
gressive intervention is necessary. First the common 
source, such as water, ice, or shellfish, must be iden¬ 
tified and eliminated. If water is contaminated with 
SRSVs, shock chlorine concentration of at least 10 
mg/L for at least 30 minutes may help. 98 

Next, interpersonal transmission must be pre¬ 
vented, but implementing preventive measures in 
the field setting is challenging. Workers at risk for 
transmission are health care providers, daycare cen¬ 
ter staff, and food handlers. It has been suggested 
that for at least 2 days after the resolution of their 
illness, infected workers be excluded from contact 
with susceptible persons. Handwashing must be 
emphasized. Safeguards must be employed with 
soiled laundry (eg, transported in an enclosed con¬ 
tainer and in a sanitary manner, washed promptly 
in a machine at maximum cycle length, machine 
dried). Soiled surfaces should be promptly cleaned 
and disinfected with a germicidal product. Persons 
performing these tasks should wear protective bar¬ 
riers, including face masks. Nosocomial spread is 
minimized by these outbreak control measures. 
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Finally, contact between well and ill persons 
should be minimized, and in environments such as 
cruise ships and camps, renewal of a susceptible 
population should be interrupted. Population dis¬ 
persal has been suggested as an effective control 
measure, 91 but in the very setting where it is likely 
to be of greatest benefit—crowded military barracks 
or ships—it is of greatest impracticality. In some 
circumstances, it could also spread the outbreak. 


Only one vaccine now exists for the prevention of 
viral gastroenteritis (other than hepatitis A), and it is 
not currently available. Rotavirus vaccine was li¬ 
censed in the United States for prevention of infantile 
gastroenteritis. After an excess of intestinal intussus¬ 
ception in vaccinated babies, however, the CDC with¬ 
drew the recommendation to vaccinate. 111 The vaccine 
was subsequently withdrawn from the market. 

[Sharon L. Ludwig; Leonard N. Binn] 


TYPHOID FEVER 


Introduction and Military Relevance 

Typhoid fever has historically had a major impact 
on military campaigns. In the Spanish-American 
War, one in five soldiers contracted typhoid fever, 
and more than 1,500 men died during the typhoid 
epidemic of 1898. 112 This prompted formation of a 
typhoid fever commission, composed of Walter 
Reed, Victor Vaughn, and Edward Shakespeare. 
Their study 113 resulted in an improved understand¬ 
ing of the mechanisms of transmission, including 
an appreciation for the role of asymptomatic carri¬ 
ers. Early British and American efforts to develop 
an effective typhoid vaccine were largely driven by 
the need to protect soldiers. 

Despite advances in field sanitation and the devel¬ 
opment of effective vaccines, typhoid fever continues 
to pose a significant threat to service members, who 
are frequently deployed to areas where the disease 
remains endemic. 114-118 Changes in the global epide¬ 
miology of typhoid fever, including the emergence 
of multidrug-resistant strains, have intensified the 
threat to service members. 

Description of the Pathogen 

Typhoid fever is caused by the gram-negative 
bacterium Salmonella enterica serovar Typhi, here¬ 
after referred to as S Typhi. More than 100 phage 
types have been identified. 

Epidemiology 

Transmission and Geographic Distribution 

Humans are the only known reservoir for S 
Typhi, and typhoid fever is perpetuated in regions 
where fecal-oral dissemination of the organism con¬ 
tinues unabated because of the lack of clean water 
or appropriate sanitation. Epidemiologic data from 
developing countries suggests that the incidence of 
typhoid fever is highest in regions where contami¬ 
nated water supplies serve large populations. 


Foodborne illness in these countries is associated 
with high attack rates, resulting from large inocula of 
organisms, and may vary seasonally as contaminated 
water is used to irrigate or "freshen" vegetables. 119-121 
Susceptible personnel deployed to regions of high 
endemicity may become infected through con¬ 
sumption of locally obtained, contaminated food 
or water, or when typhoid carriers are employed to 
prepare food for service members. 122,123 Infections 
in recent immigrants and international travelers 
represent most reported S Typhi infections the 
United States. 124-128 

Incidence 

Although there is no precise estimate of the glo¬ 
bal incidence of typhoid fever, the World Health 
Organization estimates that worldwide the number 
of typhoid fever cases exceeds 16 million annu¬ 
ally, 129,130 which results in more than 600,000 
deaths. 130 In many developing countries, rapid in¬ 
creases in population density, especially in urban 
areas, combined with inadequate sanitation have 
led to an increased incidence of typhoid fever. 129 

Pathogenesis and Clinical Findings 

The incubation period of typhoid fever ranges 
from 3 to 60 days or more, but is most commonly 7 
to 14 days. The incubation period is in part depen¬ 
dent on the inoculum size, as well as the host's sus¬ 
ceptibility and the strain involved. 131 Generally a 
larger infectious dose is associated with a shorter 
incubation period and a more severe illness. On 
average, an inoculum of at least 10 5 organisms is 
necessary to produce disease in healthy adults, but 
some may become ill with lesser exposures. 132 As 
with other gastrointestinal pathogens, the number 
of organisms required may be significantly lower 
in those suffering from achlorhydria or in individu¬ 
als taking H2 blockers. 

S Typhi produces a spectrum of illnesses that 
vary widely with respect to severity, clinical signs. 
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and symptomatology. 133-135 Classic typhoid fever 
often begins insidiously with nonspecific flu-like 
symptoms such as malaise, toxemia, fever, head¬ 
ache, anorexia, abdominal pain, and occasionally 
myalgias. One third to one half of patients present 
with diarrhea that varies in frequency from several 
to many stools per day. 136 Diarrhea appears to be 
more common in young children, while constipa¬ 
tion occurs more commonly in adults. 136-139 Other 
symptoms that are less common and that may con¬ 
found attempts at diagnosis are sore throat, 140 
cough, dysuria, and bloody diarrhea. 141 Protracted 
diarrhea with few other symptoms may occur in 
young, malnourished children. 142 Many infections 
are mild and do not fit the classic description. 

Physical signs ascribed to typhoid fever include 
a toxic appearance, dehydration, relative bradycar¬ 
dia, hepatosplenomegaly, abdominal tenderness, 
segmental ileus, rose spots (2- to 4-mm blanching, 
erythematous macules, frequently on the abdomen 
and chest), meningismus, and neuropsychiatric 
manifestations. Patients presenting early in the 
course of their illness may have relatively few signs 
or symptoms other than fever. 141,143 In travelers, ty¬ 
phoid fever is usually characterized by a persistent 
low-grade fever with headache. 

In the preantibiotic era, many of the complica¬ 
tions classically described in typhoid fever were ap¬ 
preciated after days of illness. These complications 
have taken on new importance with the emergence 
of multidrug-resistant strains, as patients fail to re¬ 
spond to antibiotics traditionally used to treat ty¬ 
phoid fever 144 and so have a greater tendency to¬ 
ward the complications that develop later in the 
course of the infection. Complications include in¬ 
testinal perforation, gastrointestinal bleeding, pneu¬ 
monia, pleural effusion, myocarditis, meningitis, 
sepsis, acute respiratory disease syndromes, 145 sei¬ 
zures, and coma. 146 

Intestinal perforation results from the prolifera¬ 
tion of organisms in Peyer's patches of the small 
intestine and is one of the most feared complica¬ 
tions of typhoid fever because of the high associ¬ 
ated mortality rate. It occurs in approximately 3% 
of cases, particularly later in untreated cases. 147 With 
modern surgical techniques and antimicrobial 
therapy, the mortality rate has declined from nearly 
100% in the preantibiotic era 148,149 to under 10% in a 
more recent study. 150 

Typical typhoid case fatality without treatment 
is 10%; with prompt treatment this can be reduced 
to less than 1%. Relapse rates as high as 20% may 
occur after therapy with appropriate antibiotics. 
Relapses occur in about 5% to 10% of untreated cases. 

Immunity following natural infection with S 


Typhi is incomplete and may be overcome by a high 
inoculum of organisms or infection with different 
phage types. Although reinfection does occur, it is 
felt to be rare. 151 

Diagnosis 

Isolation of S Typhi from either blood or bone 
marrow is required for a definitive diagnosis of ty¬ 
phoid fever. In the absence of antimicrobial therapy, 
the majority of patients will be bacteremic in the first 
week of the illness. Isolation of the organism from 
stool supports but does not confirm the diagnosis. 
Occasionally, the organism can be isolated from 
urine or cultures of skin obtained from rose spots. 
A significant rise in typhoid O-type agglutinins or 
Vi antibody is helpful in confirming the diagnosis. 

Recommendations for Therapy and Control 

Typhoid fever presents the clinician with some 
unique therapeutic challenges. First, S Typhi can 
invade the intestinal epithelial cell and penetrate 
the lamina propria. From there, the organism en¬ 
ters the bloodstream, where it may multiply within 
mononuclear phagocytes, which protect it from some 
antimicrobial agents. Therefore, in vitro resistance 
may predict clinical failure, but sensitivity of the 
organism does not always translate to clinical suc¬ 
cess. 152 Because of the poor correlation between in 
vitro sensitivity testing and clinical outcome and 
because there is currently no valid, reliable animal 
model for typhoid fever; therapies should be based 
on the results of well-controlled clinical studies. 
Previous studies have demonstrated that early treat¬ 
ment with effective antimicrobial therapy may not 
prevent relapse, 153 so close scrutiny during conva¬ 
lescence is necessary. Emerging resistance to sev¬ 
eral of the agents used as standard therapy in many 
areas, including the Arabian Gulf, Africa, India, and 
Egypt, 154 has prompted the use of antibiotics that 
are more costly and less readily available in devel¬ 
oping countries. 

A number of different classes of antibiotics have 
been shown to be effective in the treatment of ty¬ 
phoid fever. Chloramphenicol has been a mainstay 
in the treatment of typhoid fever since it was first 
employed by Woodward and colleagues 155 in 1948. 
It remains useful in cases caused by chlorampheni¬ 
col-sensitive S Typhi. However, the rare association 
of chloramphenicol with drug-induced aplastic ane¬ 
mia and the emergence of resistance to chloram¬ 
phenicol in the 1970s 156 led to the investigation of 
alternative agents for treatment. Ampicilllin 157 and 
trimethoprim-sulfamethoxazole 158,159 were later 
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shown to be effective therapies for typhoid fever. 
However, strains resistant to all of these traditional 
first-line therapies for typhoid fever have now 
emerged in many parts of the world, 154,160-166 lead¬ 
ing to the introduction of different, newer antibiot¬ 
ics for treatment. 

Fluoroquinolones are well suited for the treatment 
of typhoid fever and should be regarded as the agents 
of choice for adults in regions where multi drug-resis¬ 
tant strains of S Typhi are prevalent. These agents are 
highly active against salmonellae, 161,167 and they are 
concentrated in both macrophages and polymorpho¬ 
nuclear leukocytes, with intracellular levels as much 
as 10-fold higher than serum values. 168 

The third generation cephalosporins (eg, cefotaxime, 
cefoperazone, ceftriaxone, the orally administered 
cefixime) demonstrate excellent in vitro activity 
against many Salmonella species, including S 
Typhi. 169,170 Ceftriaxone and cefotaxime are effective 
against some ampicillin-resistant strains of Salmo¬ 
nella. 171 The minimal inhibitory concentrations for 
ceftriaxone are in the range of 0.05 pg/ mL against 
most Salmonella species, and cellular penetration of 
ceftriaxone 172 indicates that it may be active against 
intracellular organisms. Its prolonged serum half- 
life and biliary excretion permit daily dosing. 173 
Daily ceftriaxone for 3 174 , 5 175 , or 7 days 176 has com¬ 
pared favorably to standard 14-day courses of 
chloramphenicol in several randomized clinical tri¬ 
als. In a randomized clinical trial comparing 
ciprofloxacin to ceftriaxone, ciprofloxacin produced 
more rapid resolution of fever and had a higher 
success rate than ceftriaxone. 177 Although fluoroquin¬ 
olones have been used successfully to treat typhoid 
fever in children, 178 there are persisting concerns 
about potential bone and cartilage toxicity of 
fluoroquinolones in young children. 179,180 The third 
generation cephalosporins are now considered the 
treatment of choice for children in regions where 
multidrug resistance is a problem. 181 

Patients presenting with severe toxemia from ty¬ 
phoid fever may benefit from the administration of 
corticosteroids. In a highly selected group of patients 
at high risk of death from typhoid fever in Jakarta, 
Indonesia, Hoffman and colleagues 182 demonstrated 
a significant reduction in mortality in patients 
treated with dexamethasone (3 mg /kg followed by 
1 mg /kg every 6 hours) compared to placebo- 
treated controls. Others have suggested that pa¬ 
tients receiving adjuvant steroids may have higher 
relapse rates. 183 Therefore, the use of corticosteroids 
in typhoid fever should be reserved for those cases 
complicated by profound mental status changes, 
severe toxemia, or impending shock. 


Treatment of Typhoid Carriers 

Between 1% and 5% of patients with typhoid fever 
become chronic carriers of S Typhi. The chronic 
carrier state is more common in women. The 
likelihood of becoming a carrier after having 
typhoid fever increases with age, paralleling an 
increased incidence of cholelithiasis. Infections with 
Schistosoma haematobium may result in chronic 
urinary carriage of S Typhi organisms, 184 which may 
reside in the gut of the worm or attached to the 
surface of the worm. 185 Antimicrobial treatment for 
acute disease does not prevent the development of 
the carriage state, and relapses have been reported 
as long as 24 months after initial therapy. Because 
humans are the only known reservoir for this 
organism, identification and treatment of carriers 
is of potential importance in interrupting the 
transmission of the organism to others. 

Cure of typhoid carriers may be achieved with 
either antibiotics alone or through a combination 
of antimicrobial therapy and cholecystectomy. Most 
studies have demonstrated significantly lower cure 
rates for individuals with cholelithiasis, as calculi 
may serve as residual foci of infection. The finding 
of S Typhi in the bile of patients months after chole¬ 
cystectomy supports the view that this organism 
may persist even after surgical intervention. Both 
intravenous ampicillin and oral amoxicillin, which 
is given with and without probenecid, have been 
employed successfully to eradicate the carriage 
state. Treatment with amoxicillin requires high 
doses (6 g daily) for 4 to 6 weeks and is frequently 
accompanied by intolerable gastrointestinal side 
effects. 186-188 Treatment with intravenous ampicillin 
has also been used, but prolonged intravenous 
therapy may be impractical. Oral trimethoprimsulfa- 
methoxazole has been used with variable success. 189,190 
Long-term followup examination is necessary to con¬ 
firm successful clearance of the organism. 

Fluoroquinolones have been used successfully to 
treat chronic carriers. Ciprofloxacin (750 mg orally 
twice a day for 28 days) eradicated the organism in 
11 of 12 patients (92 %) with chronic S Typhi car¬ 
riage. 191 Norfloxacin (400 mg twice a day for 28 
days) was 86% effective in eradicating S Typhi from 
individuals without gallstones and 75% effective in 
those with cholelithiasis. 192 

Vaccines 

The first successful US typhoid vaccine was de¬ 
veloped by Colonel Frederick Fuller Russell and 
contributed significantly to the United States' dra- 
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matically lower incidence of typhoid fever in World 
War I than in the Spanish-American War. Later, vol¬ 
unteer trials of typhoid vaccines were initiated at 
the University of Maryland Hospital in collabora¬ 
tion with Joseph Smadel and others of the Walter 
Reed Army Institute of Research, Washington, DC. 

Three vaccines for the prevention of typhoid fe¬ 
ver are currently licensed for use in the United 
States 193 (Table 37-4). These include the live attenu¬ 
ated Ty21a oral typhoid vaccine and two parenteral 
vaccines: a heat-phenol inactivated vaccine and the 
recently licensed Vi capsular polysaccharide vac¬ 
cine. A fourth vaccine, available only to the mili¬ 
tary, is the acetone-inactivated parenteral vaccine. 
The vaccines vary in their side effects, the time re¬ 
quired for primary vaccination, and the need for 
booster immunizations. 194 Although each vaccine 
has been demonstrated to be effective in separate 
clinical trials, they have never been compared in 
prospective randomized studies. In clinical trials, 
the efficacy of the individual vaccines varies with the 
population studied and the intensity of exposure. 

Parenteral killed whole cell typhoid vaccines, 
prepared by either heat-phenol or acetone inacti¬ 
vation methods, have been available for many 
years. In clinical trials, their efficacy varied from 
50% to 88%. 194 Vaccination is often accompanied by 
side effects; nearly 25% of vaccinees develop fever, 
and 40% to 50% develop local side effects. The sig¬ 
nificant reactogenicity of these vaccines and the need 


to administer two doses more than 1 month apart for 
the primary immunization limit their utility, especially 
in comparison to other available vaccines. 

Another parenteral vaccine, prepared from pu¬ 
rified Vi capsular polysaccharide, 195 an essential 
virulence determinant of S Typhi, was licensed for 
use in the United States in the mid 1990s. In one 
clinical trial, more than 90% of healthy US adult 
males seroconverted following a single 25 pg injec¬ 
tion of purified Vi antigen. 196 In the same study, 
antibody levels remained significantly elevated for 
up to 34 months following primary immunization. 
Following a single dose of vaccine, the number of 
cases of typhoid fever was reduced by 55% to 74% 
when the vaccine was tested in endemic areas. 197,198 

The Ty21a oral typhoid vaccine is a live vaccine 
composed of a strain of S Typhi that has been at¬ 
tenuated by chemical mutagenesis 199 and has an ef¬ 
ficacy rate similar to parenteral vaccines. 200 Be¬ 
cause this vaccine is administered every other day 
for four doses, compliance needs to be rein¬ 
forced. 201,202 Mefloquine and antibiotics may inhibit 
the growth of Ty21a, 203,204 so vaccination should be 
delayed 24 hours after consuming these drugs. The 
vaccine should not be administered to immunosup- 
pressed individuals. 

Typhoid vaccination should be directed at those 
individuals anticipating prolonged exposure in en¬ 
demic areas. By US military regulation, 205 typhoid 
immunization is to be given to all alert forces. This 


TABLE 37-4 

DOSAGE AND SCHEDULES FOR ADULT TYPHOID FEVER VACCINATION 


Vaccine 

Dose 

Number of doses 

Dosing interval 

Boosting interval 

Ty21a 

primary series 

1 capsule 

4 

2 days 

— 

booster 

1 capsule 

4 

2 days 

every 5 years 

Vi capsular polysaccharide 

primary series 

0.5 mL + 

1 

— 

— 

booster 

0.5 mL + 

1 

— 

every 2 years 

Heat-phenol-inactivated 

primary series 

0.5 mL* 

2 

4 weeks 

— 

booster 

0.5 mL 4 

1 


every 3 years 


oral 

^intramuscularly 

^subcutaneously 

Adapted from: Centers for Disease Control and Prevention. Typhoid immunization—recommendations of the Advisory Committee 
on Immunization Practices (ACIP). MMWR. 1994;43;RR-14:l-7. 
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generally includes Army personnel required to be 
ready for foreign deployment in 30 days or less, all 
foreign-deployed (except Canada) Navy and Marine 
Corps personnel, others subject to foreign deployment 
on short notice, and all Air Force rapid deployment 
personnel. It is also indicated for others deploying or 
traveling to high-risk areas. Vaccinees need to be re¬ 
minded that typhoid vaccination does not obviate the 
need for caution in selecting food and drink in en¬ 
demic areas because the vaccine is not 100% effective, 
immunity can be overcome by large inocula of organ¬ 
isms, 130 and the vaccine also offers no protection 
against other enteric pathogens. 

Other Prevention Measures 

In addition to vaccination, preventing cases of 
typhoid fever requires strict enforcement of mea- 

NONTYPHOIDAL 
Introduction and Military Relevance 

Salmonellosis is an acute bacterial infection that 
can disrupt combat performance and readiness, 
most typically by causing cases of acute enterocoli¬ 
tis associated with fever, headache, abdominal pain, 
diarrhea, nausea, and sometimes vomiting. Salmo¬ 
nellosis has considerable impact in civilian and 
military arenas. It accounts for substantial health 
care expenditures, decreased productivity, and lost 
wages in Europe 206,207 and the United States. Annual 
health care costs in the United States resulting from 
these infections are estimated to exceed $50 mil¬ 
lion. 208 In the context of this chapter, salmonellosis 
will not include typhoid and paratyphoid fevers. 

Salmonella organisms as a cause of enteric illness 
on deployments has been well documented 209-211 
(Table 37-5). When good field sanitation is maintain¬ 
ed, salmonella infections cease to be a major opera¬ 
tional threat. When sanitation is compromised, 
though, the abrupt onset of salmonella infections 
and their tendency to present as epidemic case clus¬ 
ters can hinder readiness and performance. As was 
illustrated by an outbreak in US military personnel 
deployed to Croatia, personnel are at risk for sal¬ 
monella infections when common dining facilities are 
used and hygienic practices are suboptimal. 212 

Description of the Pathogen 

The salmonellae are nonspore-forming, gram-nega¬ 
tive bacteria. Unlike Salmonella typhi and S paratyphi, 
for which humans constitute the only known reser- 


sures designed to interrupt fecal-oral transmission 
of the organism. These include chlorination of wa¬ 
ter supplies, appropriate disposal of human waste, 
control of flies, strict attention to handwashing, and 
scrupulous management of food preparation. In 
endemic areas, local workers employed as food 
handlers should be closely screened using succes¬ 
sive stool cultures to ensure that they are not typhoid 
carriers. Outbreaks of typhoid fever have often oc¬ 
curred after disasters, when disruption of water 
supplies and sanitation facilitate the transmission 
of S Typhi from infected carriers to a population of 
susceptible hosts. Mass vaccination of individuals 
at risk in this setting is of secondary importance to 
other efforts to halt transmission, such as restora¬ 
tion of clean water supplies and institution of ap¬ 
propriate levels of sanitation. 

[James Fleckenstein] 

SALMONELLOSIS 

voir, the nontyphoidal species of the genus are less 
host-adapted and may cause infections in multiple 
animal hosts. This large reservoir in lower animals 
constitutes a major source for infections in humans 
and in part accounts for the ubiquity of these infec¬ 
tions. There are approximately 2,000 serotypes that 
can be distinguished by specific surface antigens. 
Their prevalence varies by region, with only a frac- 


TABLE 37-5 

INCIDENCE OF TYPHOID FEVER AND 
SALMONELLOSIS IN US ARMY TROOPS 
IN VIETNAM, 1965-1970 



Typhoid fever 

Salmonellosis 

Year 

No. of cases 

Rate/1,000 

No. of cases 

Rate/1,000 

1965 

0 

— 

10 

0.2 

1966 

1 

0.01 

17 

0.01 

1967 

11 

0.04 

201 

0.7 

1968 

8 

0.02 

70 

0.2 

1969 

19 

0.05 

70 

0.2 

1970 

23 

0.08 

30 

0.1 

Total 

62 

— 

398 

— 


Reprinted from: Hedlund KW, Ognibene AJ. Typhoid fever 
and other salmonelloses. Ognibene AJ, Barrett O, eds. General 
Medicine and Infectious Diseases. Vol 2. In: Internal Medicine in 
Vietnam. Washington, DC: Office of the Surgeon General and 
Center of Military History, US Army; 1982: 365. 
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tion present at any time. These serotypes are grouped 
into four serogroups (A through D). Although se¬ 
rotype does not have significant implications for in¬ 
dividual patient care, it has important public health 
significance with respect to surveillance and outbreak 
detection. This is particularly evident when an out¬ 
break stems from widely distributed foods. 

Epidemiology 

Transmission 

Transmission of Salmonella organisms may be 
direct or indirect. Nontyphoidal salmonellosis most 
commonly occurs after the consumption of contami¬ 
nated food or water. Salmonella may be passed to 
humans because of a failure to cook food products 
thoroughly or by cross-contamination of salad or 
other uncooked foods. Sauces and custards that 
contain eggs are other potential sources. Cooked 
foods can be inoculated with salmonella when they 
are cooled (eg, by a food handler excreting organ¬ 
isms), and if the food is held improperly, multipli¬ 
cation of the organism may occur. 

In the United States and other industrialized coun¬ 
tries, the routine large-scale commercial preparation 
of food with national or international product distri¬ 
bution has served to disseminate Salmonella organisms 
and has resulted in massive outbreaks of nontyphoidal 
salmonellosis. 213,214 Outbreaks related to commercial 
food production are most frequently associated with 
consumption of dairy products, 214 eggs, 215 or meat 216 ; 
however, the growing list of implicated food vehicles 
indicates that anything that can be contaminated and 
sustain growth of the organism can serve as a vehicle 
for transmission. International distribution of some 
foods has resulted in importation of novel strains of 
Salmonella and multinational epidemics on several 
occasions. 217,218 

In healthy volunteers, the median infective dose 
for salmonella infection is 10 7 organisms. This may 
be altered significantly by a number of important 
host factors that may increase the risk for the ac¬ 
quisition of salmonella infection, including reduced 
stomach acidity, 219 age, and depressed cell-mediated 
immunity. Exposure to antimicrobial agents in¬ 
creases the risk of infection by lowering natural 
colonization resistance through alteration of native 
colonic microflora. 220 Infection rates also appear to 
be dependent on the strain of Salmonella, and some 
infecting strains appear to cause more severe clini¬ 
cal manifestations. 221,222 Foods that buffer the effect 
of stomach acids, particularly fatty foods, may fa¬ 
cilitate survival of the organism. 218,223 


Geographic Distribution 

While Salmonella organisms are ubiquitous, 
certain serotypes may predominate in specific 
geographic or environmental niches, and these 
serotypes may evolve over time. In the United States, 
S enteritidis infections have spread from an initial 
focus in the Northeast to become a predominate 
serotype. 224 As in other countries, infections with S 
enteritidis largely can be traced to the distribution of 
infected eggs. Some strains may have an enhanced 
potential for spread, as has been evidenced by the 
rapid increase in S enteritidis phage type 4 in 
England and Wales 225 and the emergence of these 
strains in the United States. 226,227 Nontyphoidal 
salmonellosis is common in the developing world. 

Incidence 

Nontyphoidal Salmonella organisms cause 
numerous infections worldwide. While the incidence 
of typhoid fever in the United States has declined, 
the incidence of human nontyphoidal salmonellosis 
has steadily increased. In the United States alone, 
more than 40,000 cases are reported through passive 
surveillance to the Centers for Disease Control and 
Prevention annually. 228 It is estimated, however, that 
this represents only 1% to 5 % of the actual number 
of infections. 

Pathogenesis and Clinical Findings 

The incubation period for nontyphoidal salmo¬ 
nellosis is usually 12 to 36 hours. Approximately 
two thirds of all those with salmonella infections 
present with gastroenteritis and fever. These infec¬ 
tions are often self-limited, require no therapy, and 
resolve over several days. Infected individuals may 
continue to excrete organisms for several weeks or 
months after the acute illness, but fewer than 1% of 
patients demonstrate carriage beyond 1 year. 229 

Bacteremia occurs in 3% to 10 % of all nontyphoidal 
salmonella infections, 230,231 and it has been reported 
to occur with most of the reported serotypes of Sal¬ 
monella. 232 Some serotypes (eg, S enterica serovar 
Cholerasuis) may be more invasive than others, as 
is evidenced by their relatively frequent isolation 
from blood as compared with the number of stool 
isolates. 233 

At present, acquired immunodeficiency syndrome 
is the most common underlying condition associ¬ 
ated with nontyphoidal salmonella bacteremia, fol¬ 
lowed by diabetes mellitus, malignancy, cirrhosis, 
chronic granulomatous disease, sickle cell disease. 
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and collagen vascular diseases. 231,233 However, nearly 
half of the bacteremias arise in patients without a rec¬ 
ognizable underlying disease. 234 In otherwise 
healthy patients, salmonella bacteremia is often as¬ 
sociated with a clearly defined episode of gastro¬ 
enteritis. Conversely, the possibility of underlying 
immunosuppression should be considered in in¬ 
dividuals presenting with primary nontyphoidal 
salmonella bacteremia without gastrointestinal 
symptoms. 235 Malaria appears to predispose patients 
to concurrent septicemia with gram-negative organ¬ 
isms, particularly Salmonella. 236 The possibility of dual 
infection should be entertained in febrile service mem¬ 
bers who have been deployed to endemic areas. 

Nontyphoidal salmonellosis is an infrequent 
cause of endocarditis. It occurs more frequently in 
individuals over the age of 50 with underlying heart 
disease. 237-239 Salmonella infections of the aorta, par¬ 
ticularly the abdominal aorta, 240 occur more fre¬ 
quently and usually in patients with preexisting 
atherosclerotic disease. 241 

Numerous extraintestinal foci of salmonella infec¬ 
tion have been reported, a reflection of the organism's 
predilection for invasion of the bloodstream. 237 
Intraabdominal infections caused by Salmonella organ¬ 
isms usually involve the liver, spleen, or biliary tract, 
commonly in patients with underlying structural ab¬ 
normalities. Mesenteric lymphadenitis causing an 
appendicitis-like syndrome has been reported. 242 Sal¬ 
monella osteomyelitis, originally described by Sir 
James Paget in 1876, 243 most frequently affects the long 
bones and vertebrae, 244 although virtually any bone 
may be infected. 245 Sickle cell disease remains an 
important predisposing factor for salmonella osteo¬ 
myelitis and septic arthritis, particularly in early 
childhood. Multiple, often symmetrical, sites may be 
involved. Central nervous system infections with Sal¬ 
monella species are rare. Brain abscess, subdural and 
epidural empyema, and meningitis have all been re¬ 
ported. 246 Urinary tract infections due to nontyphoidal 
Salmonella species occur rarely and are often asso¬ 
ciated with underlying immunosuppression or 
structural abnormalities. 247 Chronic urinary carriage 
of salmonella occurs commonly in the Middle East in 
those with bladder malformations and concomitant 
infection with Schistosoma hematobium. Pneumonia 
may result from hematogenous spread of nonty¬ 
phoidal Salmonella organisms. 248 

Diagnostic Approaches 

A diagnosis is usually made by isolating salmo- 
nellae from feces or blood through use of enteric 
media. Serologic tests are not useful. To screen for 
enteric infections in asymptomatic persons, mul¬ 


tiple specimens of fecal material (3-10 g inoculated 
into enrichment media) should be obtained over 
several days because excretion may be intermittent. 
Investigation of close case contacts, especially those 
who may pose a significant ongoing risk to others, 
is indicated. 

Recommendations for Therapy and Control 
Therapy 

The majority of nontyphoidal salmonella infec¬ 
tions in immunocompetent hosts are cases of self¬ 
limited gastroenteritis and do not require treatment 
with antibiotics. 249,250 In most patients, antimicrobial 
therapy will serve to shorten the duration of symp¬ 
toms by only 1 to 2 days and may extend the time 
of fecal excretion. Rehydration with oral electrolyte 
solutions is usually sufficient therapy. 

In patients with particularly severe or protracted 
symptoms or in situations where performance is 
critical, antibiotic therapy is reasonable to speed 
recovery and return to duty. Because there is a 
higher risk of endothelial infection in older adults 
with bacteremia caused by Salmonella, some have 
suggested that patients older than 50 years receive 
antibiotic therapy for gastroenteritis. 251 In addition, 
immunosuppressed patients, particularly those 
with the human immunodeficiency virus, 252,253 may 
benefit from treatment of gastrointestinal infections 
to avoid subsequent bacteremia, which can be dif¬ 
ficult to eradicate in this population. Infants 
younger than 2 months of age may also be candi¬ 
dates for antibiotic therapy. 

For patients requiring therapy, initial treatment 
should ideally be based on some knowledge of lo¬ 
cal resistance patterns because of the emergence of 
strains resistant to multiple antimicrobial agents. 
Ampicillin, chloramphenicol, and trimethoprim- 
sulfamethoxazole have all been used successfully 
to treat nontyphoidal salmonellosis, but many 
strains are now resistant to these drugs. Alterna¬ 
tives are provided by newer agents, such as the 
fluoroquinolones and the third-generation cepha¬ 
losporins, which demonstrate significantly more 
activity against Salmonella organisms in vitro. 

Fluoroquinolones, in addition to being highly ac¬ 
tive against many salmonellae, possess favorable 
phamacokinetic parameters, including large volumes 
of distribution, long half lives, and good oral 
bioavailabilty. 254 High concentrations of fluoro¬ 
quinolones are present in stool after oral dosing, 255 
and fluoroquinolones also achieve high intracellu¬ 
lar concentrations. 256 In double-blind trials of adults 
with diarrheal illness, ciprofloxacin shortened the 
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duration of diarrhea by 1.5 to 2 days. 257-259 These 
agents have been used successfully to treat salmo¬ 
nella infections caused by strains resistant to mul¬ 
tiple other classes of antibiotics. 260 

In vitro studies have shown that many Salmonella 
species are sensitive to third-generation cephalospor¬ 
ins (eg, cefotaxime, ceftriaxone, cefoperazone, 
ceftazidime), and these drugs have been used suc¬ 
cessfully to eradicate nontyphoidal salmonellae. 261 
Because fluoroquinolones are not approved for use 
in children, third-generation cephalosporins are 
often employed in treating younger patients. 

Many investigators have cautioned that the use 
of antimicrobial agents in animal husbandry for 
growth promotion has led to the emergence of drug- 
resistant infections in humans. 208,262,263 While the use 
of antibiotics in animal feeds has been discouraged, 
the practice remains widespread, and new multidrug- 
resistant infections continue to emerge throughout 
the world. 221,222,264,265 Occasionally, resistance may 
emerge during the course of therapy, particularly 
in the treatment of chronic deep-seated infections 
such as osteomyelitis. 266 

Prevention 

Given the many modes of transmission of sal¬ 
monella infections, it is unlikely that all infections 
will be prevented even with strict adherence to 
measures designed to prevent transmission of these 
organisms. However, most infections can be pre¬ 


introduction and Military Relevance 

Shigellosis, often referred to as bacillary dysen¬ 
tery, is a febrile diarrheal syndrome manifested by 
the passage of frequent, scant stools that are bloody, 
mucoid, or both bloody and mucoid. Symptoms of 
abdominal cramps and tenesmus are present due 
to direct invasion of the colonic mucosa by mem¬ 
bers of the Shigella species. 269 Descriptions of this 
syndrome can be found in the Old Testament and a 
like disease played a major role in many military 
campaigns as far back as the year 480 BC. Shigello¬ 
sis is endemic throughout the world and is hyper¬ 
endemic in many developing countries. Infection 
with Shigella species is the most common cause of 
dysentery in children less than 5 years of age, espe¬ 
cially in developing countries, where affected children 
experience a higher rate of stunting and mortality. 270 

Shigellosis has had a significant impact on mili¬ 
tary forces throughout history. According to the 
Greek historian, Herodotus, epidemics of dysentery 


vented through careful attention to food handling, 
sanitation, and education of those in charge of food 
preparation and procurement. Irradiation of pro¬ 
cessed foods, particularly those of animal origin, 
should be encouraged. Fresh fruits and vegetables 
obtained from local sources are often used to 
supplement the diet of service members during ex¬ 
tended deployments; such foods should be viewed 
as potentially contaminated with multiple enteric 
pathogens, including Salmonella. 11 Veterinary in¬ 
spection of locally procured foods on deployments 
is essential to reduce the risk of nontyphoidal sal¬ 
monellosis. The proper chlorination of water sup¬ 
plies is also an important preventive measure and 
can prevent large-scale outbreaks of salmonellosis. 
Handwashing should be emphasized for food 
handlers, those caring for patients, patients with 
enteric illness, and those caring for infants and in¬ 
continent adults. 

Ill individuals should not participate in food 
handling or the care of immunocompromised or hos¬ 
pitalized patients, the elderly, or young children. 
Known carriers of Salmonella should be prohibited 
from handling food until they no longer shed the or¬ 
ganisms. Carriers should have at least two negative 
stool cultures documented before being permitted to 
prepare food. Care should be taken especially when 
employing foreign workers in military mess facilities, 
as asymptomatic foodhandlers have been implicated 
as sources of infection despite screening. 267,268 

[James Fleckenstein] 


plagued Xerxes' Persian army (500,000 men strong) 
during their unsuccessful invasion of Greece around 
480 BC, especially during the battle for Salamis, the 
most important victory in Greek history. 271 In the 
18th century, Prussian forces fighting under Fred¬ 
erick William II in France suffered 12,000 cases 
among a unit of 42,000, forcing his withdrawal from 
combat and retreat across the Rhine. 272 The British 
during the Crimean War (1854-1856) suffered ten 
times more casualties from dysentery than from all 
the Russian weapons. 273 

Acute diarrheal diseases, to include shigellosis, 
have continued to be an important medical prob¬ 
lem for US military personnel operating in areas 
where sanitation has been inadequate. In the US 
Civil War, acute diarrheal diseases accounted for 
more than 25% of the deaths in the Union Army. 274 
During World War II in the Middle East theater of 
operations, attack rates as high as 50% per month 
and noneffective rates as high as 3.5% per week 
were documented. 275 In North Africa, the British 
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Army was also reported to have sustained a sig¬ 
nificant number of casualties due to dysentery. 276 
Shigellosis also proved to be the most common en¬ 
teric infection identified among US military person¬ 
nel in Vietnam, with an annual hospitalization rate 
as high as 8% documented in 1965. 277 

US troops deployed to Lebanon in 1958 to help 
in the evacuation of the Palestinian Liberation Or¬ 
ganization were severely stricken with dysentery. 
Approximately 30% to 50% of a 10,000-man Marine 
landing force was affected; a total of 527 hospital¬ 
izations were recorded. 278 During Operation Bright 
Star in Egypt in July 1983, approximately 30% of 
the 82nd Airborne Division troops developed dys¬ 
entery in a 1-week period. 116 From 1981 to 1990, di¬ 
arrheal diseases have affected 15% to 20% of US 
troops participating in short-term military exercises 
in Egypt and Thailand; up to 5% of troops have lost 
duty time because of their illnesses. 25,279-281 Among 
US military personnel deployed to South America 
and western Africa, Shigella species have been iso¬ 
lated in up to 5% of diarrhea cases. 282 

In a sample of 2,000 US military personnel de¬ 
ployed to Saudi Arabia during the Persian Gulf War, 
57% reported a significant diarrheal illness during 
the first 3 months of deployment (September-No- 
vember 1990); 20% reported that they were not able 
to perform their duties while affected. Multidrug- 
resistant Shigella species (principally S sonnei) in¬ 
fections accounted for 26% of the cases of diarrhea 
evaluated, second only to enterotoxigenic Escheri¬ 
chia coli, which was found in 29% of cases. There 
were at least 3 outbreaks of shigellosis in the first 3 
months of the operation. 11 Outbreaks were associ¬ 
ated mainly with consumption of fresh fruits and 
vegetables and, to a lesser extent, with contamination 
of communal latrines, lack of handwashing facili¬ 
ties, and a high number of desert filth flies. 15 Dur¬ 
ing Operation Restore Hope in Somalia (1992-1993), 
one outbreak of shigellosis involving 10 cases and 
additional sporadic cases were well documented. 283 

Shigellosis has also been well documented in for¬ 
eign military contingents, most notably in Israel 
among kibbutz dwellers and recruits of the Israeli 
Defence Force. 284 Historically, military outbreaks of 
shigellosis have been associated with consumption 
of contaminated food items prepared by infected 
foodhandlers, as well as facilitation of transmission 
by common houseflies ( Musca domestica) in this set¬ 
ting. 285 Uncontrolled epidemics of shigellosis, espe¬ 
cially due to S dysenteriae type 1, are potential "war 
stopper" illnesses, which cause significant incapaci¬ 
tation and decrement in unit effectiveness. 


Description of the Pathogen 

Shigellae are slender, gram-negative, nonmotile rod 
bacteria belonging to the family Enterobacteriaceae. 
They are closely related genetically to E coli, and their 
origin from a common ancestor has been postulated. 
There are four clinically important species of Shigella: 
S dysenteriae, S flexneri, S boydii, and S sonnei, which 
are also known as subgroups A, B, C, and D, respec¬ 
tively. Strains of Shigella can be serologically charac¬ 
terized by the O (somatic) antigens, which are made 
up of cell wall lipopolysaccharide antigens. Numer¬ 
ous serotypes exist among S dysenteriae (12 serotypes), 
S flexneri (6 serotypes and 13 subserotypes), and S 
boydii (18 serotypes) species and are determined by 
agglutination with Shigella-speciiic antisera. 

S dysenteriae type 1, also known as the Shiga bacil¬ 
lus, is a pathogen of developing countries. It exhibits 
several unique features compared to other members 
of the genus Shigella, including the production of 
Shiga toxin and the propensity for epidemic spread. 
It has been associated with major dysentery epi¬ 
demics among refugees; a significant proportion of 
the deaths during the most recent Rwandan civil 
war were due to S dysenteriae type 1 (as well as and 
Vibrio cholerae Ol) infections. 286 

The shigellae are highly host-adapted; their only 
natural hosts are humans and a few nonhuman pri¬ 
mates. 260 There are no known environmental reser¬ 
voirs of infection. Only small numbers of inocula are 
necessary. Experimental studies in volunteers have 
shown that disease can result from ingestion of as few 
as 10 viable S dysenteriae type 1 organisms or a few 
hundred S flexneri 2a or S sonnei organisms. 287,288 

Epidemiology 

Transmission 

Direct, person-to-person contact is the most im¬ 
portant mode of Shigella transmission. In regions 
with inadequate excreta disposal facilities, flies may 
also be an important vector. 285,289 The small inocula 
required to cause shigellosis facilitates transmission 
of the disease and explains the frequent failure of 
routine sanitary and hygienic measures to prevent 
shigellosis. Strict attention to handwashing after 
defecation 290 and measures to control houseflies 285 
have been shown to reduce the incidence of 
shigellosis in military field studies. 

Water and food also appear to be important ve¬ 
hicles of transmission of Shigella in developing 
countries. 291 Epidemics of waterborne shigellosis 
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caused by fecally contaminated wells, lakes, ponds, 
pools, and other sources of surface water have been 
documented. In the United States during the 2-year 
period of 1993 to 1994, for example, 3 outbreaks of 
S sonnei associated with swimming in lakes (a total 
of 437 cases) and 4 outbreaks involving untreated 
water from wells dug and maintained by individu¬ 
als and an individual cistern (a total of 279 cases) 
were documented. 292 Foodborne transmission, on 
the other hand, is not as common but, when it oc¬ 
curs, is associated with large outbreaks. 293 Shigel- 
lae are known to grow very well in food items such 
as rice, lentil soup, milk, cooked beef, cooked fish, 
mashed potato, raw cucumbers, and vegetables. 294,295 

Secondary cases during outbreaks of shigellosis 
are common, especially in households of index pa¬ 
tients. The attack rate is higher if (a) the index case 
is a young, non-toilet-trained child, ( b ) the contacts 
are younger (rates of 40% to 60% in those 1 to 4 years 
of age but less than 20% in adults), (c) the houses 
have privies, and ( d ) improper handwashing prac¬ 
tices are noted. 293,296 Other risk factors associated 
with secondary transmission are contact with a per¬ 
son with dysentery, sharing of latrines with other 
households, storing of water at home and hand-dip- 
ping with a hand-held cup, and consumption of 
food from street vendors. 297 

In industrialized countries. Shigella organisms are 
readily transmitted in certain populations at high 
risk where abnormal behavior or poor hygienic 
practices facilitate fecal-oral contamination. 298,299 
High-risk groups include Native American popu¬ 
lations, 298 children in childcare centers, 300,301 those 
in institutions for the mentally retarded, 302 those 
aboard ships, 303 those in penal institutions, 304 mili¬ 
tary units training under field conditions, 286 and 
those who practice anal-oral sex. 305 

Geographic Distribution 

Shigellosis has a global distribution, but the 
prevalence of the various species and types varies 
geographically. In industrialized countries, such as the 
United States, endemic shigellosis is primarily a 
pediatric disease caused by S sonnei. 298 In developing 
countries, S flexneri is the most common species, 
with S flexneri 2a being a prominent serotype; S 
boydii is common in the Indian subcontinent. 306 

Incidence 

It is estimated that 3 to 5 billion diarrhea cases 
occur worldwide every year; average rates range 


from 5 to 12 illnesses per child per year, with rates 
as high as 19 illnesses per child per year in the poorest 
areas. Approximately 5% to 10% of these diarrhea 
cases may be caused by Shigella organisms. 306 Diar¬ 
rheal disease, including dysentery, also constitutes 
one of the leading causes of mortality, accounting 
for an estimated 5 to 10 million deaths per year. 
Most of these deaths (estimated at 12,600 deaths per 
day) occur in children less than 5 years of age in 
Asia, Africa, and Latin America. 307,308 The annual 
worldwide incidence of shigellosis is estimated at 
200 million cases, with an annual death toll esti¬ 
mated at 650,000. 309 

Epidemics of Shiga dysentery, due to multidrug- 
resistant S dysenteriae type 1, caused an estimated 
500,000 cases and 20,000 deaths between 1969 and 
1973 in Central America. 310,311 Likewise, during ma¬ 
jor epidemics in Africa and the Indian subcontinent, 
a significant proportion of the population (up to 
10%) were affected, with mortality rates as high as 
10% 297 ' 312-314 

Pathogenesis and Clinical Findings 

Shigellae cause disease by direct mucosal invasion 
of the distal small bowel and colon with concomi¬ 
tant inflammatory reaction. Enterotoxin production 
facilitates invasion and destruction of epithelial 
cells, which explains the findings of white blood 
cells and blood in stools. The incubation period for 
shigellosis is usually 12 to 96 hours, although S 
dysenteriae type 1 infections can take up to 1 week 
to manifest clinically. 315p451_455 Onset of fever, ab¬ 
dominal cramping, and malaise is followed by a 
variable amount of watery diarrhea before dys¬ 
entery begins. In severe cases, it is not uncommon 
for an infected person to have 20 or 30 bowel 
movements per day, consisting of scant volumes of 
mucus or blood or both mucus and blood, often ac¬ 
companied by severe abdominal cramping, tenes¬ 
mus, and urgency. Depending on the infecting 
strain, a large proportion of patients may have only 
watery diarrhea, and some patients may have fe¬ 
ver without intestinal symptoms. In general, S 
sonnei causes the mildest disease and S dysenteriae 
the most severe. 

Most cases of shigellosis in well-nourished and 
healthy people are self-limited and resolve without 
sequelae. This is frequently not the case, however, 
in severe infections caused by S dysenteriae type 1 
or by other serotypes in malnourished populations. 
In malnourished children. Shigella infection, par¬ 
ticularly with S dysenteriae type 1, may result in a 
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chronic type of relapsing diarrhea and a protein¬ 
losing enteropathy. Other complications in children 
can include convulsions, meningismus, and second¬ 
ary spread with vaginitis. Intestinal complications 
of shigellosis include toxic megacolon, which car¬ 
ries a high fatality rate, and rectal prolapse, which 
requires early manual reduction. Intestinal perfo¬ 
ration is rare. 316 

There are a number of unusual but important 
extraintestinal complications of Shigella infections. 
Peripheral leukocyte counts in excess of 50,000 have 
been seen in approximately 4% of patients during 
outbreaks caused by S dysenteriae type l. 317 Having 
a leukemoid reaction carries a poor prognosis. 318 
Hemolytic-uremic syndrome, consisting of the triad 
of microangiopathic hemolytic anemia, thrombocy¬ 
topenia, and renal failure, occurs in a small percent¬ 
age of cases of shigellosis, mostly those with S 
dysenteriae type 1 infections and mainly in children. 
Although the pathogenesis of hemolytic-uremic 
syndrome is not completely understood, there is an 
association between circulating endotoxin and the 
development of the syndrome. 314 Early dialysis to 
eliminate this toxin may be lifesaving. 

Shigella bacteremia is generally considered an 
unusual occurrence. 319 Nevertheless, it has been 
documented to occur in as many as 4% of cases of S 
dysenteriae type 1 infections in a Bangladeshi popu¬ 
lation and was found to be associated with a high 
incidence of other complications and death. 320 In 
this study, young age and malnutrition were risk 
factors. Reiter's syndrome or reactive arthritis fol¬ 
lows shigellosis in 1% to 2% percent of cases, usu¬ 
ally 2 to 4 weeks after the acute illness. Persons with 
the HLA-B27 histocompatibility antigen are at much 
higher risk of this complication. 321 

A great majority of Shigella- infected patients will 
clear their infections within 2 weeks, more than 90% 
will clear within 1 to 4 weeks without antibiotic 
therapy. Even though long-term Shigella carriage 
has been well documented in less than 5% of cases, 
it may be important in the perpetuation of infec¬ 
tion in the household and in the spread of infection 
to close contacts and by infected foodhandlers. 322 
Carriage is reduced significantly (to less than 1 
week) by antibiotic therapy. 

A large body of evidence indicates that there is 
effective acquired immunity to Shigella infections. 
Introduction of a new strain in a previously 
nonimmune population, for example, is often fol¬ 
lowed by high attack rates greater than 5% to 10% 
in all age groups. Prospective studies among chil¬ 
dren in endemic areas, such as Guatemala 323 and 
Chile, 324 have shown that a prior bout of shigellosis 


elicits about 75% protection against reinfection 
with a homologous serotype. Likewise, serological 
studies among Israeli military recruits have shown 
that preexisting anti-lipopolysaccharide (somatic 
antigen) antibodies protect individuals from sub¬ 
sequent Shigella infection. 325 Volunteer challenge 
studies done in the 1970s have also demonstrated 
that a previous bout of shigellosis confers 64% to 
78% protection against dysentery caused by S 
flexneri type 2a and S sonnei. 326,327 Clearly, there is 
significant but by no means complete protection 
from clinical shigellosis caused by the same sero¬ 
type. Unfortunately, such immunity can often be 
overcome with a large dose of Shigella organisms. 328 

Diagnostic Approaches 

The definitive diagnosis of shigellosis depends 
on the isolation or identification of the organism 
from a stool specimen. In the near future, techniques 
such as rapid immunoassays for antigen detection, 
mononuclear antibody-based dipstick assays, DNA 
probes, and polymerase chain reaction kits may be 
used routinely for rapid diagnosis. Shigella rapidly 
loses viability in an acid environment and thus may 
be difficult to recover from stool specimens that are 
not processed within 2 to 4 hours. When direct plat¬ 
ing from a stool sample is not possible, microbio¬ 
logic recovery can be improved by the use of proper 
transport media; buffered glycerol saline has been 
reported to be the best. 329 Cary-Blair medium can 
also be used for transport but is not as good as buff¬ 
ered glycerol saline. 330 Although mucus or blood- 
flecked portions of stool samples are the preferred 
specimens for culture, 331 a properly obtained rectal 
swab, which samples the material in contact with 
the mucosal epithelium, can also be used for cul¬ 
ture provided it is gathered from at least 2 cm past 
the anal sphincter. The specimens of choice are, in 
order of decreasing productivity, stool, rectal swab 
specimens, and anal swab specimens. 332 

A combination of nonselective media (eg, Mac- 
Conkey's agar) and selective media (eg, Hektoen 
enteric agar, Salmonella-Shigella agar) are suggested 
for isolation. 329,331 Additionally, xylose-lysine-deoxy- 
cholate medium has been found to be especially 
good for isolating Shigella species. 333 Identity can be 
confirmed by agglutination tests using group-spe¬ 
cific anti-lipopolysaccharide antibodies 334 against the 
four major serogroups: A (S dysenteriae), B (S 
flexneri), C (S boydii), and D (S sonnei). 

In patients with febrile diarrhea or in those with 
mucoid, bloody stools but without fever, examination 
for fecal leucocytes by methylene blue staining of a 
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fresh stool sample is indicated. The finding of fecal 
leukocytes in the stool strongly suggests, but is not 
diagnostic of. Shigella infection and should prompt 
stool culture for specific diagnosis. 335 The stool should 
also be examined for motile amoebic trophozoites 
containing ingested erythrocytes to rule out infection 
with Entamoeba histolytica. 

Recommendations for Therapy and Control 

Therapy 

As in other diarrheal diseases, restoration of fluid 
deficit and maintenance of hydration status and 
serum electrolyte balance is indicated. Antimicrobial 
therapy has been shown to shorten the duration of 
symptoms in shigellosis, 336,337 and its use is justified 
in cases of moderate or severe disease. Throughout 
most of the world. Shigella organisms are resistant 
to multiple antibiotics that were previously useful 
in treatment. This makes effective therapy difficult, 
especially in countries where shigellosis is endemic 
and where the high cost of newer antibiotics prohib¬ 
its their use. 338 In addition, major dysentery outbreaks 
since 1969 have increasingly involved multidrug- 
resistant strains of S dysenteriae type i ; 297 -3io-3i2,339-345 
creating therapeutic difficulties. Interestingly, the 
first significant evidence of multidrug resistance 
occurred in 1967 and 1968 in Vietnam where wide¬ 
spread resistance to tetracycline, chloramphenicol, 
and ampicillin was found. 277,346 This rapid emer¬ 
gence of antibiotic resistance has been mediated by 
a drug-resistance (R) plasmid. 269 

The choice of an antimicrobial agent depends on 
the resistance patterns of Shigella in a particular geo¬ 
graphic area. 269,293 Five-day regimens with ampicillin 
(100 mg/kg per day for children; 500 mg every 6 hours 
for adults) or trimethoprim-sulfamethoxazole (TMP- 
SMX, TMP: 10 mg/kg per day and SMX: 50 mg/kg 
per day in two divided doses) are good choices only 
in areas with sensitive strains. Tetracycline as a 
single oral adult dose of 2.5 g has been used suc¬ 
cessfully and may be effective even against antibi¬ 
otic-resistant strains. 347 Short-course therapy with 
a quinolone (eg, norfloxacin 400 mg twice a day, 
ciprofloxacin 500 mg twice a day) or with TMP-SMX 
(TMP 160 mg and SMX 800 mg, 2 times a day) for 3 
days is an alternative that has been useful in sev¬ 
eral military settings. 283,348 Single-dose therapeutic 
regimens with quinolones (eg, norfloxacin 800 mg, 
ciprofloxacin 1 g) have also been found to be effec¬ 
tive in treating shigellosis in adults in developing 
countries. 349-351 Tetracycline and quinolones are not 
recommended for use in children younger than 8 


years old. In such cases, nalidixic acid (55 mg /kg 
per day in 4 equally divided doses), TMP-SMX 
(TMP 10 mg/kg per day and SMX 50 mg/kg per 
day in 2 equally divided doses), or cefixime (8 mg/ 
kg per day) for 5 days is indicated. 293,352 Antiperi- 
staltic agents, such as diphenoxylate hydrochloride 
(Lomotil), may prolong clinical illness and could 
play a role in the development of toxic dilatation of 
the colon and, therefore, should not be used. 353 In 
contrast, a study done in Thailand among hospital¬ 
ized patients with dysentery found that the addi¬ 
tion of loperamide (Imodium) to a 3-day course of 
therapy with ciprofloxacin (500 mg twice a day) 
shortened the duration and frequency of diarrhea 
by more than 50%. 354 

Control 

During acute illness, enteric precautions should 
be followed. Because of the low infecting dose, pa¬ 
tients with Shigella infections should not be em¬ 
ployed to handle food or to care for children until 
at least 2 successive fecal sample or rectal swab cul¬ 
tures are negative. The samples should be taken 
more than 24 hours apart and more than 48 hours 
after antimicrobial therapy ends. Patients and medi¬ 
cal staff should be advised to always wash their 
hands with soap after defecation, before eating, and 
after patient contact. Fecally contaminated articles, 
such as clothing and linen, should be disinfected. 
Feces and vomitus should be disinfected with cal¬ 
cium hypochlorite or carbolic acid. 315 Active detec¬ 
tion of other personnel infected with Shigella and 
treatment of close contacts of cases is not routinely 
indicated except in the case of foodhandlers, em¬ 
ployees of child-care centers, hospital staff, and 
military personnel known to be exposed to a com¬ 
mon source of infection during an epidemic. There 
is an urgent need to report all suspected outbreaks 
of shigellosis; early treatment of suspected cases 
with antibiotics is essential to limit transmissibility 
in the field setting. 

Transmission of shigellosis can be decreased sig¬ 
nificantly in military populations by following some 
simple control measures (Exhibit 37-2). 

Much effort has gone toward developing vaccines 
to prevent shigellosis in the past 30 years by many 
military and civilian investigators. Despite all this ef¬ 
fort and despite the fact that Shigella was discovered 
almost a century ago, there are yet no licensed vac¬ 
cines for the prevention of shigellosis. 355 Development 
of these vaccines has been hindered because there are 
no valid animal models for these pathogens and be¬ 
cause there is no consensus about what constitute 


1029 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


EXHIBIT 37-2 

SIMPLE AND EFFECTIVE MEASURES TO CONTROL TRANSMISSION OF SHIGELLOSIS 
IN MILITARY POPULATIONS 


• Frequent effective handwashing with soap and water, especially after defecation and immediately 
before eating or preparing food 

• Sanitary control and disposal of feces 

• Provision of a safe water supply and protection from contamination, to include effective chlorination 
at the distribution point in military camps 

• Avoidance of swimming in potentially contaminated bodies of fresh water (swimming in seawater is 
considered to be acceptable) 

• Control of the vector (fly) populations in and around excreta disposal and dining facilities by use of 
insecticides, yeast-baited fly traps, garbage collection, and proper disposal of wastewater and sewage 

• Proper cooking and subsequent refrigeration of potentially infected food items; leafy vegetables should 
be washed or chemically treated if they are to be eaten uncooked; all leftover food should be dis¬ 
carded, reheated to more than 60°C, or refrigerated or frozen immediately 

• Avoidance of high-risk food items, such as food and drinks from street vendors 

• Removal of persons with diarrhea from jobs as foodhandlers 

• Early detection and treatment of cases to limit secondary transmission to other unit members 

• Selective antibiotic prophylaxis of close contacts or potentially exposed personnel; doxycycline (100 
mg/day for 14 days) has been found to protect contacts from clinical shigellosis; in areas where 
Shigella organisms are antibiotic-resistant, ciprofloxacin (500 mg/day) or norfloxacin (400 mg/day) 
may be used as an alternative 

Ben-Yehuda O, Cohen D, Alkan M, Greenbaum A, Jelin N, Steinherz R. Doxycycline prophylaxis for shigellosis. Arch 
Intern Med. 1990;150:209-212. 


the host protective immune factors. 356 Some scien¬ 
tists feel that protective immunity to shigellosis is 
mediated by mucosal factors, especially secretory 
immunoglobulin A (slgA), and that only live, at¬ 
tenuated strains of bacteria are capable of eliciting 
an effective intestinal slgA response. Under the 
hypothesis that antibodies secreted in the gut have 
an important role in protection against shigellosis, 
oral, enteroinvasive Shigella vaccines were devel¬ 
oped in the 1980s and 1990s. 357 

Other investigators, though, feel that protection 
can be achieved by serum IgG and mucosal slgA 
antibody response conferred by conjugate vaccines 
that elicit high levels of antibodies to the O-specific 
lipopolysaccharides of Shigella species. 358 Phase I 
and II studies among United States Army and Is¬ 


Introduction and Military Relevance 

The disease known as cholera has probably been 
endemic for over 2,000 years in the Indian subcon¬ 
tinent, 363 and the term "cholera" is first seen in the 


rael Defence Force soldiers has indicated that these 
injectable conjugate vaccines are safe and induce 
protective immunity that is equivalent to that 
present after shigellosis. 359,360 Moreover, a phase III 
study of a single-dose S sonnei conjugate vaccine 
conducted in Israel among male military recruits 
demonstrated a significant level (74%) of protective 
efficacy against culture-proven shigellosis caused 
by S sonnei. 361 Testing of other candidate oral, 
enteroinvasive. Shigella vaccines and subunit vac¬ 
cines (part of the bacteria, administered parenter- 
ally, intranasally, or orally) is ongoing. A candidate 
oral, live, attenuated S flexneri 2a vaccine is pres¬ 
ently undergoing trials in military personnel in the 
United States and among civilians in Bangladesh. 362 

[Jose L. Sanchez] 


works of the great Greek physician Hippocrates. 364 
The first well-documented clinical descriptions of 
cholera date back to 1503 in Gaspar Correa's book, 
Lendas da India. 365 The first recognized pandemic of 
the disease originated around 1817 in India. Since 
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then, there have been an additional six pandemics. 
Nonimmune military forces, especially from Europe 
and India, have been repeatedly plagued by this 
dreaded disease. Infected military personnel have 
played a major role in the spread of what is now 
called classical cholera during the first six pandemics, 
in the 19th and early 20th centuries. Bengal troops 
traveling to Oman from Bombay in 1821 were prin¬ 
cipally responsible for the spread of classical chol¬ 
era outside of the Indian subcontinent during the 
first pandemic. Death rates among British troops 
in India reached 21 per 1,000 in 1822. 366 During the 
second pandemic, Polish and French troops spread 
the disease in their homelands and in Austria in the 
spring of 1831. 367 In the largest recorded military 
outbreak, 350,000 cases occurred in Europe in 1866 
among Austrian, Italian, and German forces. In the 
United States, Union troop movements during the 
Civil War were a key factor in spreading the dis¬ 
ease to major Midwestern cities. During World War 
I, an epidemic affected 66,000 Russian prisoners in 
camps in Hungary, Austria, and Germany. 363 

Cholera caused by the El Tor biotype was first 
described at the El Tor quarantine station on the 
Sinai Peninsula in 1905 among pilgrims returning 
from Mecca. This same strain 55 years later gave 
rise to the seventh pandemic in 1960 and 1961 in 
Sulawesi, Indonesia. 363,368 Since then, the El Tor bio¬ 
type has quickly replaced the classical as the pre¬ 
dominant biotype worldwide. 

Four important events in the 1990s have placed 
cholera high on the list of emerging infections. First 
among them was the reintroduction of cholera into 
Latin America in January 1991 after nearly 100 years 
of absence. This outbreak spread from Peru to 
Mexico within 2 years and in 5 years caused more 
than 1 million cases and 10,000 deaths. 367 

Second, during late 1992 a new serogroup. Vibrio 
cholerae 0139 synonym Bengal, appeared in India 
and Bangladesh. This Bengal strain (initially detected 
in the countries bordering the Bay of Bengal) pro¬ 
duced major epidemics of cholera-like illness (up 
to 200,000 cases from 1992 to 1996) in India, 
Bangladesh, and five other countries in Southeast 
Asia. 369-371 Travel-associated (ie, imported) cases 
have also been reported in the United States, the 
United Kingdom, Denmark, Germany, Japan, Hong 
Kong, and Singapore. 371-374 

Third, the massive outbreak of El Tor cholera in 
Rwandan refugees in Goma, Zaire, resulting in 
70,000 cases and 12,000 deaths in July 1994, showed 
that during times of crisis cholera can be cata¬ 
strophic. 375,376 The very high death rates caused by 
cholera (approximately 15 per 1,000), with case fa¬ 
tality ratios as high as 48% recorded at one camp. 


were principally due to the rapid waterborne spread 
of cholera (as well as shigellosis), which quickly 
overwhelmed the existing medical support capabili¬ 
ties and the capacity for oral rehydration therapy 
at diarrhea treatment centers. 376 The Rwandan refu¬ 
gee experience contrasts sharply with the Peruvian 
experience during the peak of the Latin American 
epidemic (1991-1993). In Peru, case fatality ratios were 
kept consistently at or below 1% in comparison to 
significantly higher case fatality ratios for Africa 
(approximately 9%) and Asia (approximately 3%). 377 

Fourth, the resurgence of cholera has had an im¬ 
pact on nonimmune military personnel, expatriates, 
and travelers to endemic areas. During the Peru¬ 
vian epidemic, for example, attack rates as high as 
2% to 10% occurred among Peruvian military re¬ 
cruits (Sanchez JL, unpublished data). An increased 
incidence of cholera was also noted among Ameri¬ 
cans at the United States Embassy in Lima. 378 In the 
United States at the same time, a 10-fold increase 
in cholera cases was noted by Centers for Disease 
Control and Prevention investigators caused by the 
proximity of the Latin American outbreak and in¬ 
creased awareness. 379 

Description of the Pathogen 

Cholera is caused by Vibrio cholerae, a motile, 
curved, gram-negative bacillus, first described in 
1854 in Italy by Filippo Pacini. Subsequently, Robert 
Koch demonstrated in 1883 that cholera is caused 
by this organism, which he called Kommabazillen. 368 
It is a well-defined species on the basis of biochemi¬ 
cal tests and DNA homology studies. 380 The species 
can be subdivided into 139 different serogroups, 
based on the composition of the major surface anti¬ 
gen of the cell wall (the O somatic antigen). Only 
two of these 139 serogroups, Ol and 0139, have 
been associated with epidemics of cholera; these 
two serogroups have been the only ones consis¬ 
tently found to produce cholera toxin (CT), the toxin 
responsible for fluid secretion into the bowel lu¬ 
men. 381 Non-Ol, non-0139 serogroups have been 
associated with only sporadic cases and small clus¬ 
ters of noncholera diarrheal illness. 382 Serogroup Ol 
can be further subdivided into 3 antigenic forms (or 
serotypes) named Ogawa, Inaba, and Hikojima 
based on quantitative differences of factors A, B, 
and C of the O antigen. 383 V cholerae Ol strains are 
also subdivided into 2 biotypes: classical and El Tor. 

V cholerae 0139 strains appear to be genetically 
related to the V cholerae Ol strains that caused the 
seventh pandemic. This non-Ol strain, identified 
in late 1992, is most likely an O antigen mutant with 
an array of virulence determinants typical of V 
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cholerae Ol, biotype El Tor. 384 The high attack rates 
of severe cholera from 0139 seen among adults in 
areas long endemic for V cholerae Ol would seem 
to indicate that there is no cross-protection from 
previous infection by Ol serogroup strains. In con¬ 
trast to Ol strains, these 0139 strains have the ca¬ 
pacity to produce a polysaccharide capsule and 
demonstrate an increased capacity for cholera toxin 
production, as well as for spread and proliferation 
within the environment. 385 These strains are also 
known to survive well in environmental water (eg, 
ponds, lakes, rivers, canals) unlike Ol and other 
non-Ol strains. 371,386 

V cholerae has, since the early 1980s, been identi¬ 
fied as an integral part of the normal, free-living 
(autochtonous) bacterial flora in estuarine areas. 
The persistence of V cholerae within the environment 
(for months and probably years) is facilitated by its 
ability to enter a viable, nonculturable "dormant" 
state where the organism's requirements for nutri¬ 
ents and oxygen are markedly decreased. 387 It is also 
able to bind to chitin, a component of crustacean 
shells, and is able to colonize the surfaces of algae, 
phytoplankton, and copepods (zooplankton), in ad¬ 
dition to the roots of aquatic plants such as water 
hyacinths. Environmental factors—such as increased 
water temperature, decreased salinity, increased 
pH, and an increase in the seawater's nutrients, 
among others—may trigger conversion of the or¬ 
ganism from the viable, nonculturable phase to the 
culturable, and therefore infectious, phase. These 
environmental factors, in turn, may also lead to in¬ 


creases in the crustacean populations, with associ¬ 
ated increases in the population of free-living V 
cholerae. The periodic introduction of such infectious 
environmental isolates into the human population, 
through ingestion of undercooked shellfish and sea¬ 
food, is probably responsible for isolated foci of 
endemic disease on the US Gulf Coast and in Aus¬ 
tralia, as well as for the initial case clusters that gave 
rise to the Latin American epidemic. 378,388 

In addition, V cholerae Ol strains have been re¬ 
cently found to shift to a "rugose" form associated 
with the production of an exopolysaccharide that 
promotes cell aggregation. This form has been 
found to be resistant to disinfectants such as chlo¬ 
rine. 389 Chlorination of the water supply has been a 
key, effective intervention in controlling cholera 
outbreaks in the past. 390 If these rugose strains be¬ 
come prevalent in the potable water supply, they 
may serve as an important factor contributing to 
the waterborne transmission of cholera. 

Epidemiology 

The epidemiology of cholera can be roughly di¬ 
vided into two phases or patterns: the epidemic and 
the endemic 391,392 (Table 37-6). 

Transmission 

Cholera is caused by the ingestion of cholera ba¬ 
cilli in food or water that has been previously contam¬ 
inated by feces or vomitus of infected per sons. 315pl00_n0 


TABLE 37-6 

EPIDEMIOLOGIC FEATURES OF CHOLERA 


Feature 

Epidemic phase 

Endemic phase 

Level of immunity 

None, all susceptible 

High, increasing with age until adulthood 

Ages at greatest risk 

All ages 

Children 2-15 y, mothers of children < 2 y 

Attack rates 

Higher (1%-10%) 

Lower (< 1%) 

Primary transmission 

Single food/water sources 

Exposure to contaminated water, shellfish, seafood 

Secondary transmission 

Variable, intra-familial spread 

Multiple food items, contaminated water sources, intra- 
familial spread (family clusters) 

Asymptomatic infections 

Less common 

Very common 

Principal reservoirs 

Ill individuals and close contacts 

Aquatic and environmental asymptomatic shedders 

Seasonality 

Variable 

Summer and monsoon months, times of algae blooms in 
coastal areas 


Viable, nonculturable (VNC) vibrios found in algae, phyto/ zooplankton, estuarine waters, and roots of aquatic plants. 

Sources: Colwell RR, Huq A. Vibrios in the environment: Viable but nonculturable Vibrio cholerae. In: Wachsmuth IK, Blake PA, 
Olsvik O, eds. Vibrio cholerae and Cholera: Molecular to Global Perspectives. Washington, DC: American Society for Microbiology; 
1994: 117-133; Glass RI, Black RE. The epidemiology of cholera. In: Barua D, Greenough III WB, eds. Cholera. New York: Plenum 
Medical Book Co; 1992: 129-154; Shears P. Cholera. Ann Trop Med Parasitol. 1994;88:109-122. 
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Epidemics have followed the introduction of V 
cholerae into nonendemic areas and have been char¬ 
acterized by explosive outbreaks. Asymptomatically 
infected individuals have not played an important role 
in transmission in epidemic cholera, except for close 
household contacts (such as infected children or moth¬ 
ers), unit contacts, or foodhandlers. Control of trans¬ 
mission during the initial epidemic phase can be 
achieved more effectively than later, when the en¬ 
demic phase is established. 

The transition from the initial epidemic phase to 
a more protracted, chronic endemic phase is at¬ 
tained by the establishment of natural human res¬ 
ervoirs of infection in the population and in the 
aquatic environment. Once this occurs, cholera 
tends to settle into a clear seasonal pattern, with 
peaks of transmission during or at the end of the 
summer months or after the monsoon (rainy) season. 

Contamination of food, whether at home, at 
common gatherings, in markets, or by street vendors, 
is common in areas that are endemic for cholera. V 
cholerae Ol can survive for 2 to 14 days in foods and 
can persist for many weeks in shellfish and 
mollusks. 388 Widespread contamination of surface 
water sources, such as lakes, rivers, streams, canals, 
springs, and wells, also contributes to the trans¬ 
mission of cholera. 

The transmission patterns of 0139 strains are 
similar to those of Ol strains. 371 The secondary in¬ 
fection rates among family members approximate 
25% within 10 days of the index case. Household 
water (eg, from tubewells) has often been found to 
be the principal source of infection in Bangladesh. 
It appears, thus, that the predominant mode of 
transmission of V cholerae 0139 is waterborne. 

Geographic Distribution 

Cholera is present worldwide and is particularly 
endemic in India and Bangladesh (surrounding the 
Bay of Bengal), as well as in South America. 

Incidence 

Attack rates of epidemic cholera occurring in 
nonimmune populations can be as high as 10%, 
affecting all age groups similarly. Considerable 
morbidity and mortality occur at the time of these 
outbreaks. For example, the introduction of chol¬ 
era into West Africa in 1970 resulted in more than 
150,000 cases and more than 20,000 deaths reported 
within 1 year. 393 Likewise, the introduction of chol¬ 
era in Peru in 1991 resulted in more than 420,000 
cases and more than 3,300 deaths reported within 
the first 15 months of that epidemic. 394 


Once cholera becomes endemic in an area, im¬ 
munity is acquired early in life; higher attack rates 
occur in children 2 to 15 years of age and in women 
of childbearing age who are exposed to large 
inoculums of V cholerae organisms while caring for 
the very young. 395 Because of this relatively higher 
level of immunity, lower overall attack rates take 
place in the adult population (< 1% per year). Sec¬ 
ondary transmission of cholera occurs principally 
by intra-familial spread, with usual rates of infec¬ 
tion among family contacts in the range of 4% to 
22% and sometimes as high as 50%. 395-397 

Diagnostic Approaches 

Cholera is principally a clinical diagnosis. Any 
patient with watery diarrhea, especially if severely 
dehydrated, who is in or has traveled within the 
previous 5 days to an endemic area for cholera 
should be suspected of having cholera and treated 
accordingly. Definitive means of diagnosis is by iso¬ 
lation of the organism from culture of stool or rec¬ 
tal swab specimens. If processing is going to be 
delayed beyond 4 to 6 hours, the sample should be 
placed in Cary-Blair transport medium; V cholerae 
can be recovered from it for up to 4 weeks after sam¬ 
pling. 398 It is important not to refrigerate or freeze 
such samples because vibrios are more vulnerable 
to refrigeration or freezing than other enteric ba¬ 
cilli. Cultures in TCBS agar are detected as large, 
yellow, smooth colonies. Confirmation is done by 
slide agglutination in the presence of polyvalent Ol 
antisera in a microbiology laboratory. 

Field Antigen Detection Tests 

Rapid, reliable field identification methods are 
available. The most commonly used is darkfield 
microscopy, which relies on the identification of 
motile vibrios and their immobilization with spe¬ 
cific Ol antisera. This method can identify cholera 
infections in 2 to 5 minutes in about 50% of cases. 399 
Rapid diagnosis of both V cholerae Ol and 0139 in¬ 
fections in the field has been made possible since 
1992 by simple, rapid, field-expedient, immunologi¬ 
cal methods. 400-402 Direct detection of bacterial anti¬ 
gen in stool samples is done with coagglutination 
tests using monoclonal antibodies against the Ol 
and 0139 antigens (CholeraScreen and BengalScreen, 
New Horizons Diagnostics Corp, Columbia, Md) or 
with colloidal-based colorimetric immunoassay 
kits (CholeraSMART and BengalSMART, New Ho¬ 
rizons Diagnostics Corp, Columbia, Md). The chol¬ 
era toxin can also be detected in stool samples by 
coagglutination tests using anti-cholera toxin (anti- 
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CT) antibodies. 403 DNA probes and polymerase 
chain reaction methods have been used in the 1990s 
in research laboratories for the detection of cholera 
toxin genes and to detect toxigenic V cholerae Ol in 
food and environmental samples. 380 

Serologic Antibody Detection Assays 

Serologic assays can be useful in three settings: 

(1) in making a retrospective diagnosis of cholera, 

(2) in conducting epidemiologic investigations, or 

(3) in identifying infected contacts, (ie, cases where 
stool samples are unavailable or where many in¬ 
fections may be mild or asymptomatic). Antibacte¬ 
rial (or vibriocidal) and anti-CT antibody tests are 
described in detail in references 404 and 405. They 
tend to be used mostly in research settings. Serum 
vibriocidal antibodies have been associated with 
protection against disease in studies in endemic 
areas, as well as in volunteer studies. 380 This pro¬ 
tection is related to the inhibition of vibrio coloni¬ 
zation by secretory immunoglobulin A in the gut 
rather than as a result of a direct protective effect 
of serum (mainly IgG) antibodies. Vibriocidal anti¬ 
body levels are seen to increase in only 50% to 60% 
of infected patients and remain elevated for 3 to 6 
months after infection. By comparison, anti-CT an¬ 
tibodies are detected in more than 90% of patients 
and remain elevated for up to 2 years after initial 
infection. Therefore, anti-CT antibodies are more 
sensitive and useful in the serologic diagnosis of 
acute cases and for epidemiologic investigations in 
previously nonimmune populations, such as soldiers 
and travelers from developed countries. Serologic 
diagnosis is assisted by collection of acute phase 
(within 3 to 5 days of onset of illness) and convales¬ 
cent phase (3 to 4 weeks thereafter) paired serum 
specimens. A 4-fold or greater rise in titers is consid¬ 
ered diagnostic of recent infection with V cholerae} 05 

Pathogenesis and Clinical Findings 

The toxin produced by V cholerae causes fluid 
secretion in the bowel lumen. The incubation pe¬ 
riod of cholera ranges from several hours to up to 5 
days. 315 This is greatly determined by the inoculum 
size 391,406 and whether food serves as the vehicle of 
transmission because food protects vibrios from the 
action of stomach acid. As few as 100 to 1,000 or¬ 
ganisms in food or in a bicarbonate buffering agent 
(as in volunteer studies) can cause disease. 406,407 
Other host factors that increase the risk of cholera 
are the use of antacids or medications that reduce 
gastric acid secretion, the use of cannabis, and a 


history of gastric surgery. 408 It has also been found 
that individuals in the O blood group, while not at 
increased risk of infection, are at increased risk of 
developing severe cholera illness. 409,410 Breast-feeding 
appears to protect infants from developing cholera 
because of the protective effect of immunoglobulin 
A antibodies in breast milk. 411 

Only a minority of patients infected with V 
cholerae Ol develop severe cholera (cholera gravis). 
In Bangladesh, for example, it has been estimated 
that only 11% of classical infections and 2% of El 
Tor infections result in severe cholera. 412 Studies 
conducted among Peruvian military units (Sanchez 
J, unpublished data) and civilian populations 413 
have documented that only 5% to 10% of diarrhea 
cases associated with V cholerae Ol infection re¬ 
sulted in severe disease or hospitalization. 

The most marked features of severe cholera are 
the voluminous output of watery stool and the de¬ 
hydration that results (Table 37-7). The rate of diar¬ 
rhea can reach 500 to 1,000 mL per hour, leading 
rapidly to hypotension, tachycardia, and vascular 
collapse. The patient becomes lethargic or stupor¬ 
ous with sunken eyes and cheeks and dry mucous 
membranes. Decreased skin turgor (measured by 
the skin-pinch sign) is found in all such cases. Urine 
flow is decreased or absent, and serum specific 
gravity is consistently elevated. Clinical illness that 
goes untreated resolves in 4 to 6 days in most cases, 
unless circulatory collapse occurs. More than 90% 
of V cholerae Ol-infected persons will be vibrio-free 
within 8 to 10 days, and rarely does excretion ex¬ 
tend beyond 2 weeks. 396,39 ' Long-term carriers are 
exceedingly uncommon and do not play a signifi¬ 
cant role in disease transmission. 

Detailed information regarding the clinical as¬ 
pects of V cholerae 0139 infections is limited. 371,414,415 
Dhar and colleagues 416 have found in Bangladesh 
that the illnesses caused by Ol and 0139 serogroups 
seem to be similar and that important clinical fea¬ 
tures, such as the duration of diarrhea and the de¬ 
gree of dehydration before hospital admission, were 
no different. In addition, they also found that pa¬ 
tients with 0139-serogroup infections responded to 
standard Ol serogroup cholera therapy. 

Recommendations for Therapy and Control 

Rehydration Therapy 

The key to the treatment of cholera is the rapid 
rehydration of the patient, either with oral rehydra¬ 
tion therapy (ORT) for mildly dehydrated patients 
or with a combination of ORT and intravenous re- 
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TABLE 37-7 

GUIDELINES FOR CLINICAL EVALUATION OF DEHYDRATION AND RECOMMENDATIONS 
FOR REHYDRATION AND MAINTENANCE FLUID THERAPY 




Degree of Dehydration 


Parameter 

Mild or none 

Moderate 

Severe 

Mental status 

Alert 

Restless or lethargic 

Lethargic, stuporous, or comatose 

Thirst 

Present 

Present 

Marked 

Radial pulse 

Normal 

Rapid 

Rapid and feeble or impalpable 

Respirations 

Normal 

Tachypneic 

Tachypneic, deep, labored 

Skin-pinch sign 

Skin retracts immediately 

Skin retracts slowly (1 to 2 s) 

Skin retracts very slowly (> 2 s) 

Eyes 

Normal 

Sunken 

Dramatically sunken 

Urine flow 

Normal 

Scant and dark 

Scant or absent 

Serum specific gravity 

<1.027 

1.028-1.034 

> 1.034 

Fluid deficit 

20 to 50 

51 to 90 

91 to 120 

Preferred method of 
rehydration 

ORT in 4-6 hrs 

ORT or IVRT or both, depends 
on presence of vomiting and 
stool losses 

IVRT, 2L in 30-60 m, remainder 
in 3-4 h 

Preferred type of 
rehydration 

WHO ORT (all ages) 
Rehydralyte (adults) 
Pedialyte (children) 

Infalyte (infants) 

WHO ORT or IVRT or both, 
Normal saline** 

Lactated Ringer's* 

Maintenance 

ORT for as long as diarrhea 
persists 

NA 

NA 


ORT: Oral rehydration therapy, IVRT: Intravenous rehydration therapy, WHO: World Health Organization, NA: Not applicable. 
mL/kg of body weight 

^Dextrose-containing solutions (2%-5%) are preferred because of the risk of hypoglycemia in cholera patients. 

^Addition of potassium chloride (10 mEq/L) is recommended to reduce risk of hypokalemia. 

Reprinted with permission from: Sanchez JL, Taylor KN. Cholera. Lancet. 1997;349:1825-1830. (c) by The Lancet Ltd. 1997. 


hydration therapy for moderate or severely dehy¬ 
drated patients. The development of a practical, 
simple, and safe mode of oral rehydration in the 
1960s has been lauded as one of the most impor¬ 
tant medical discoveries of this century. 417 Fluid 
therapy is divided into the rehydration phase and 
the maintenance phase. 418 Table 37-7 presents guide¬ 
lines to follow for both phases of therapy. 

Severely dehydrated patients have a major fluid 
deficit to make up in the first 4 hours (91 to 120 
mL/kg of body weight). Intravenous rehydration 
therapy with a dextrose-containing solution of 
Ringer's Lactate (RL) or normal saline (NS) is indi¬ 
cated. In their absence, plain Ringer's Lactate or nor¬ 
mal saline supplemented with potassium is indicated. 
Once the patient is alert and can tolerate oral fluids, 
ORT should be started. Stool losses, fluid intake, and 
serum-specific gravity should continue to be 
monitored closely at the patient's bedside on at least 
an hourly basis for the first 4 to 6 hours. Serum-specific 


gravity is the best objective parameter to evaluate 
success of rehydration; it can be measured using a 
simple and inexpensive hand-held refractometer. 
Once ORT is begun, the patient should be encour¬ 
aged to drink freely to at least equal one and a half 
times the volume of stool losses. ORT should be 
continued for as long as the patient has diarrhea. 
Management of diarrhea can be easily done at the 
first or second echelon of care (eg, unit aid station, 
field clinic, hospital). Several ORT formulations are 
available in the United States and include: (a) World 
Health Organization (WHO) ORT (Janis Brothers 
Packaging Co., Kansas City, Mo.), ( b ) Rehydralyte 
(Ross Products Division, Abbott Laboratories, Co¬ 
lumbus, Ohio), (c) Pedialyte (Ross Products Divi¬ 
sion, Abbott Laboratories, Columbus, Ohio), and ( d ) 
Infalyte (Mead Johnson Nutritionals, Bristol-Myers 
Squibb Co., Evansville, Ind.). Sports drinks (eg, 
Gatorade) and other high-sugar solutions (such as 
soft drinks) are not appropriate. 379 


1035 






Military Preventive Medicine: Mobilization and Deployment, Volume 2 


Antimicrobial Therapy 

Antimicrobial therapy is an important adjunctive 
therapy in cholera, whether caused by Ol or 0139 
strains 371418 (Table 37-8). Duration of illness and stool 
volume losses can be cut in half with oral (not 
parenteral) antibiotics. In addition, the duration of 
excretion of V cholerae is also shortened to an average 
of 48 to 72 hours with antibiotics. 418 Tetracycline or 
doxycycline are the recommended first-line drugs. For 
children less than 8 years of age and pregnant women, 
erythromycin, furazolidone, or trimethoprim- 
sulfamethoxazole (TMP-SMX) are indicated. In areas 
where there has been significant resistance reported, 
quinolones such as norfloxacin or ciprofloxacin can 
be used. 416,419 ^ 22 Quinolones have great advantages in 
that they are effective as single-dose therapy and the 
rate of clearance of V cholerae from stools is faster than 
with tetracycline or furazolidone treatment. 419,420 This 
rapid clearance of the stools may help to reduce sec¬ 
ondary transmission of cholera, especially in hospi¬ 


tals, treatment centers, and refugee settings where 
increased transmission is a serious problem. 419 Use of 
bismuth subsalicylate, albeit beneficial for traveler's 
diarrhea, has not been adequately evaluated in pa¬ 
tients with cholera. Antiperistaltic agents, such as 
loperamide (Imodium) and diphenoxylate hydrochlo¬ 
ride (Lomotil), should be avoided. Antiemetic agents, 
likewise, are of doubtful benefit and should be 
avoided because they may cause severe dystonic re¬ 
actions in dehydrated patients. 418 

Control 

Some strategies for the prevention and control 
of cholera follow. They are discussed in more de¬ 
tail in references 315, 378, 423, 424, and 425. 

Early detection of incipient epidemics by estab¬ 
lishing a continuous surveillance system for diar¬ 
rheal diseases and investigating severe cases and 
clusters is crucial. All cases of watery diarrhea, es¬ 
pecially if associated with severe dehydration or 


TABLE 37-8 

ANTIMICROBIAL THERAPY AND RESISTANCE PROFILE OF CHOLERA 


Drug 

Adult Dosage 

Pediatric Dosage 

Areas with Resistance 

Tetracycline 

500 mg four times daily for 3 days 
or 1 g single dose 

50 mg/kg body weight divided 
in 4 daily doses for 3 days 

Bangladesh, India, Thailand, 
Ecuador, eastern Africa, Zaire 

Doxycycline 

300 mg as a single dose 

4-6 mg /kg as a single dose 

Same as for tetracycline 

Erythromycin 

250 mg four times daily for 3 days 

30 mg /kg body weight divided 
in 3 daily doses for 3 days 

Bangladesh, India, Thailand, 
eastern Africa 

Furazolidone 

100 mg four times daily for 3 days 

5 mg /kg body weight divided in 

4 daily doses for 3 days or 7 
mg /kg as a single dose 

Bangladesh, India, Thailand, 
eastern Africa 

TMP-SMX 

320 mg TMP and 1.6 g SMX twice 
daily for 3 days 

8 mg TMP and 40 mg SMX per kg 
body weight divided in 2 daily 
doses for 3 days 

Bangladesh, India, Thailand, 
Ecuador, eastern Africa 

Quinolones 

Norfloxacin 400 mg twice daily for 

3 days, or ciprofloxacin 250-500 
mg, 1-2 times a day for 3 days or 

1 g single dose 

Not recommended 

Not reported 


TMP-SMX: Trimethoprim-sulfamethoxazole 

Sources: Bennish ML. Cholera: pathophysiology, clinical features, and treatment. In: Wachsmuth IK, Blake PA, Olsvik O, eds. 
Vibrio cholerae and Cholera: Molecular to Global Perspectives. Washington, DC: American Society for Microbiology; 1994: 229-255; 
Swerdlow DL, Isaacson M. The epidemiology of cholera in Africa. In: Wachsmuth IK, Blake PA, Olsvik O, eds. Vibrio cholerae and 
Cholera: Molecular to Global Perspectives. Washington, DC: American Society for Microbiology; 1994: 297-307; Khan WA, Bennish 
ML, Seas C, et al. Randomised controlled comparison of single-dose ciprofloxacin and doxycycline for cholera caused by Vibrio 
cholerae Ol or 0139. Lancet. 1996;348:296-300; Gotuzzo E, Seas C, Echevarria J, Carrillo C, Mostorino R, Ruiz R. Ciprofloxacin for 
the treatment of cholera: A randomized, double-blind, controlled clinical trial of a single daily dose in Peruvian adults. Clin Infect 
Dis. 1995;20:1485-1490; Yamamoto T, Nair GB, Albert MJ, Parodi CC, Takeda Y. Survey of in vitro susceptibilities of Vibrio cholerae 
Ol and 0139 to antimicrobial agents. Antimicrob Agents Chemother. 1995;39:241-244; Mitra R, Basu A, Dutta D, Nair GB, Takeda Y. 
Resurgence of Vibrio cholerae 0139 Bengal with altered antibiogram in Calcutta, India. Lancet. 1996;348:1181. 
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hospitalization, should be investigated. A simple 
clinical case definition—for example, watery diar¬ 
rhea of sudden onset in a person of any age—is 
appropriate and can reliably predict V cholerae Ol 
or 0139 infections in approximately 90% of cases. 424 
Clustering in time or place or both (ie, spot map¬ 
ping of cases) may suggest common modes of trans¬ 
mission amenable to control. 

Good personal hygiene will limit spread within the 
unit or household. Proper handwashing with soap af¬ 
ter defecation and before eating or preparing food is 
key, along with avoiding consumption of high-risk 
items prepared by the local population, such as food 
or drinks from street vendors, seafood or shellfish 
products (especially if raw), vegetables, uncarbonated 
drinks, and ice. Bathing in potentially contaminated 
bodies of water should also be prohibited. 

Construction and proper maintenance of excreta 
disposal facilities will reduce the risk of spread of 
cholera in bivouacked units and refugee camp set¬ 
tings. Defecation on the ground and in or near 
drinking water sources should be avoided. 

Provision of safe and plentiful water, as well as 
its protection and appropriate storage in the home, 
unit, or food serving areas, is important. Appropri¬ 
ate care in the preparation and handling of food 
items and consumption of cooked food while still 
hot are important. Foodborne spread of V cholerae 
is facilitated by bacterial multiplication in food kept 
at ambient temperatures after cooking. 388 Although 
the role of flies in cholera transmission is contro¬ 
versial, it is conceivable that they could represent a 
risk by inoculating food with V cholerae. 426 There¬ 
fore, fly-proofing of food service and fecal disposal 
facilities, as well as fly control by bait-traps or use 
of insecticides, is indicated. 

Chemoprophylaxis 

The use of tetracycline (500 mg twice a day for at 
least 2 days, half dose for children aged 8 to 13 
years) or doxycycline (300 mg single dose, half dose 
for children aged 8 to 13 years) chemoprophylaxis 
reduces the rate of secondary transmission for 
household or unit contacts of cases. 423 For children 
younger than 8 years of age, pregnant women, and 
persons with kidney disease, tetracycline should be 
avoided; erythromycin or TMP-SMX may be used 
in the same dosages as for treatment (see Table 37- 
8). The use of single-dose ciprofloxacin (250 mg), 
on the other hand, has not been found to be effec¬ 
tive in preventing V cholerae Ol infections among 
household contacts of cases. 427 It should be noted 
that mass chemoprophylaxis of a community or unit 


is usually contraindicated, due to the risk of drug 
resistance and the appearance of potentially seri¬ 
ous side effects. 381,423,428 It is indicated only when an 
outbreak of cholera has occurred in a closed group 
that has had a common exposure, and it is effective 
only if given within the first 5 days after exposure. 
Surveillance for cases among exposed personnel 
should be conducted for 5 days from the last expo¬ 
sure. No special isolation precautions are needed for 
cholera patients. Effective measures to limit nosoco¬ 
mial and intra-unit spread include handwashing with 
soap after each patient is seen, use of gloves for speci¬ 
men handling, laundering of soiled clothing or bed 
linen, and disinfection of feces and vomitus with cal¬ 
cium hypochlorite or carbolic acid. 315 

Vaccines 

Parenteral, whole-cell cholera vaccines have been 
in use since the late 19th century. Controlled trials 
in the 1960s in cholera-endemic areas demonstrated 
that parenteral vaccines were only 60% efficacious 
for the first 3 months, declining to 30% 4 to 6 months 
after vaccination. 429 Parenteral, phenol-inactivated 
vaccine (Wyeth Laboratories, Marietta, Penn), the 
only cholera vaccine licensed in the United States, 
has to be given in 2 doses at 1- to 4-week intervals 
and is associated with significant local reactions in 
up to 30% of vaccinees. A booster dose is recom¬ 
mended every 6 months. In addition, this vaccine 
does not reduce asymptomatic carriage of V cholerae 
Ol, and its protective efficacy is very low (< 30%) 
in children. 430 Simultaneous administration with 
yellow fever vaccine can decrease subsequent anti¬ 
body response to both vaccines. The cholera 
vaccine's usefulness for military forces or travelers 
to endemic areas is very limited. 

The resurgence of cholera has renewed interest 
in vaccine development. In the past 15 years, inac¬ 
tivated oral cholera vaccine candidates have been 
developed and found to be protective in challenge 
studies. An oral vaccine, consisting of the B sub¬ 
unit of cholera toxin (1 mg) and 10 u cholera whole 
cells (WC/BS, Cholerix, SBL Vaccin AB, Stockholm, 
Sweden), was found to protect against diarrheal ill¬ 
ness caused by V cholerae Ol and enterotoxigenic 
Escherichia coli in Bangladesh. 431 This vaccine pro¬ 
vided 85% efficacy against cholera in the first 6 
months and a cumulative efficacy of 50% over 3 
years when 2 or 3 doses were given 6 weeks apart. 432 
Protection, however, was evident only for the first 
3 years of follow-up and was found to be better 
against classical than El Tor cholera, especially 
among children younger than 5 years of age. 432,433 A 
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less expensive, recombinantly produced formulation 
of this vaccine (WC/rBS; Dukoral/oral cholera vac¬ 
cine, SBL Vaccin AB, Stockholm, Sweden) was de¬ 
veloped in the late 1980s and was subsequently 
found to be safe and immunogenic. 434 Immunity is 
conferred within 7 to 10 days of the second dose. 
This WC/rBS oral vaccine, given in 2 doses 1 to 2 
weeks apart, provided 86% efficacy for 3 months 
against cholera among Peruvian military person¬ 
nel immediately preceding an epidemic of El Tor 
cholera with attack rates of 2% to 3% in the sum¬ 
mer of 1994. 435 Its efficacy in endemic areas where 
El Tor Ogawa is prevalent (eg, in Peru), however, 
has been limited. No efficacy was noted after two 
doses and 61% efficacy noted after a booster dose 
given a year later. 436 A similar inactivated oral chol¬ 
era vaccine manufactured in Vietnam has shown a 
protective efficacy of 66% against El Tor cholera. 437 
Protection in this study was found to be similar for 
young children (1 to 5 years old, 68%) as for older 
people (older than 5 years, 66%). It remains to be 
resolved whether this vaccine will be useful for trav¬ 
elers or military personnel without naturally ac¬ 
quired immunity. 438 

The oral, inactivated vaccines recently developed 
represent an unquestionable advance over the cur¬ 
rently licensed parenteral vaccines. However, the 
need for two doses 1 to 2 weeks apart may make 
them a difficult option for rapid immunization of 
military forces or travelers and may limit their use¬ 
fulness in the control of incipient or ongoing epi¬ 
demics of cholera. Single-dose, live, attenuated, oral 
cholera vaccines would be ideal for these needs. The 
most well-studied of these vaccines is CVD 103- 
HgR (Mutacol Berna, Berna, Swiss Serum and Vaccine 
Institute, Bern, Switzerland). This vaccine confers 
an immune response (and protection in challenged 
volunteers) within 8 days of administration. 439 
Volunteers attain 90% to 100% protection against 
subsequent challenge with El Tor and classical 
strains. 440 Unfortunately, this vaccine was not shown 
to protect against cholera in a recently completed, 
randomized, placebo-controlled, double-blind field 
trial in Indonesia. 441 This vaccine is licensed for use 


Introduction and Military Relevance 

Throughout history, soldiers involved in military 
campaigns have suffered from diarrheal illnesses, 
from Napoleon's troops invading Russia to Civil 
War soldiers along the banks of the Chickahominy 
River in Virginia. Entamoeba histolytica was first rec¬ 
ognized as a diarrheal pathogen among US troops 


in Europe, Canada, and certain countries of Latin 
America. A booster dose is recommended after 6 
months and chloroquine or antibiotics should be 
administered no sooner than 1 week after adminis¬ 
tration of this vaccine. 

The rapid spread of V cholerae 0139 among all 
ages in areas where V cholerae Ol is endemic indi¬ 
cates that immunity to Ol-serogroup cholera is not 
protective against 0139-serogroup infections. 369,381 
Epidemiologic and laboratory studies suggest that 
natural immunity to V cholerae Ol is not protective 
against V cholerae 0139. 433 This has been confirmed 
in recent studies in rabbits and in human volun¬ 
teers. 371,442 The high rates of severe illness seen with 
this new strain and its potential impact in causing 
large epidemics among nonimmune adults predi¬ 
cate an urgent need to develop live, attenuated V 
cholerae 0139-serogroup vaccines. 

As of 2000, several 0139-serogroup vaccine candi¬ 
dates have been developed and are in various stages 
of analysis. 443-446 Improved preparations of oral 
killed vaccines are also being developed, including 
combination V cholerae Ol and 0139 vaccines and 
new parenteral cholera vaccines consisting of O 
antigens conjugated to a variety of proteins, includ¬ 
ing cholera toxin. 447 

The hope is that in the future, oral cholera vac¬ 
cines, killed and live, will become readily available 
for use in vaccination programs in developing coun¬ 
tries, 448 as well as for travelers, expatriates, and 
military personnel at risk. Another possibly impor¬ 
tant, although somewhat controversial, scenario is 
the use of these vaccines during acute emergencies 
(eg, famines, typhoons, floods) and among refugees 
in both primitive and well-established camps where 
the risk of impending cholera outbreaks is consid¬ 
ered to be very high. 449 Such mass vaccination with 
the two-dose WC/rBS vaccine has been accom¬ 
plished, 450 and cost-effectiveness evaluation per¬ 
formed by Naficy and colleagues found that this 
vaccine could be used for mass vaccination in refu¬ 
gee settings if the price per dose was low (< $0.22 
per dose). 451 

[Jose L. Sanchez] 


during the Philippine Insurrection in 1899, and 
since then it has been documented in every major 
war fought in the developing world. In World War 
II, for example, admission rates for amebic dysen¬ 
tery in the China-Burma-India theater were 22.39 
per 1,000 per year. 452 Amebic dysentery, or amebic 
colitis, is the most common manifestation of E 
histolytica infection, but the protozoa can also gain 
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access to the liver, presumably via the portal vein, 
where it causes liver abscesses. Less common target 
organs include the lung, brain, and skin, but wher¬ 
ever it invades, it demonstrates the lytic destruction 
of tissue befitting its species name. In the mid 1990s, 
£ histolytica was separated from the nonpathogenic 
species £ dispar. This reclassification has important 
ramifications for diagnosis and treatment because the 
two protozoa have identical morphology under the 
microscope but only £ histolytica infection requires 
antiprotozoal therapy. 

Description of the Pathogen 

£ histolytica is a pseudopod-forming protozoan 
parasite in the Sarcodina subphylum. £ histolytica 
is the most invasive Entamoeba, a group that in¬ 
cludes such other species that infect humans as £ 
hartmanni, E polecki, E coli, E gingivalis, and £ dispar. 
Only £ histolytica causes dysentery and liver ab¬ 
scess. Its motile trophozoite form invades and 
causes disease, but the cyst form transmits disease 
from host to host (Figure 37-3). The quadrinucleate 
cyst averages from 10 to 15 mm in diameter, is ex¬ 
creted in the feces of an infected host, and is stable 
for weeks to months in an appropriately moist en¬ 
vironment. In the small intestine, the cyst excysts 
to form eight trophozoites, mononucleate ameboid 
cells measuring from 10 to 60 mm in diameter. These 
trophozoites may then colonize the intestine as 
harmless commensals or invade into the colonic 
epithelium, causing inflammation and destruction 
of the bowel wall. 

While £ histolytica trophozoites may either colonize 
or invade host intestine, £ dispar can only colonize 
and has never been documented to invade host tis¬ 


a 



sue. As early as 1925, Brumpt suggested that the 
pathogenic and nonpathogenic types should be 
classified into two separate species. 453 However, the 
inability to distinguish morphologically between 
these two proposed species caused this proposal to 
languish until 1978, when differences in patterns 
of isoenzymes between "pathogenic" and "non¬ 
pathogenic zymodemes" of £ histolytica suggested 
that two different species did in fact exist. 454 Since 
that initial observation, evidence has accumulated 
for the reclassification of £ histolytica into patho¬ 
genic (E histolytica) and nonpathogenic (E dispar) 
species based on differences in monoclonal anti¬ 
body epitopes, 455 Southern blot patterns of genomic 
DNA, 456 and ribosomal RNA sequences. 457 This re¬ 
classification is especially satisfying in that it helps 
to explain what was long a central conundrum in 
the study of amebiasis: of all the people who could 
be demonstrated by microscopic examination of 
stool samples to be carriers of "E histolytica" in the 
days before the two species were separated, only 
10% manifested symptoms of amebiasis. Since £ 
dispar is the more common organism and the two 
species are identical morphologically, it seems likely 
that most of the asymptomatic infections with "E 
histolytica" detected were actually caused by £ dispar. 

Epidemiology 

Transmission 

E histolytica cysts are transmitted by ingestion of 
fecally contaminated water and food or through 
direct fecal-oral contact; the trophozoite is not in¬ 
fectious because it is too fragile to resist the harsh 
pH and enzymatic conditions in the stomach. The 



Fig. 37-3. Entamoeba histolytica or E dispar trophozoites (a: in a blue stain) and cyst (b: in an orange stain). Note that 
it is not possible to distinguish E histolytica form E dispar morphologically. 

Photographs: Courtesy of the Centers for Disease Control and Prevention. 
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cyst, however, passes unscathed through the stom¬ 
ach to the small intestine. Intestinal trophozoites 
may also encyst and be excreted in the feces of the 
host, so that the cycle of infection is continued. The 
disease is considered communicable for as long as 
cysts are being passed, a situation that can last for 
years. 315pll_15 The incubation period for the devel¬ 
opment of amebic dysentery is variable but most 
commonly lasts from 2 to 4 weeks. 

Geographic Distribution 

Although £ histolytica can be found throughout 
the world, it is endemic in the developing world 
where sanitary conditions allow infection to spread; 
examples include Central and South America, Af¬ 
rica, and the Indian subcontinent, where it is the 
third leading parasitic cause of death. 458 

Incidence 

More than 10% of the world's population is 
thought to be infected by E dispar and E histolytica, 
with the approximately 50 million cases of invasive 
disease in the world each year resulting in as many 
as 100,000 deaths a year. 459 A1988 survey in Mexico 
demonstrated that 8.4% of the population was se¬ 
ropositive for E histolytica as measured by the indi¬ 
rect hemagglutination assay, with a peak incidence 
occurring in the 5- to 9-year-old age group. 460 That 
year, there were an estimated 1 million cases of 
amebiasis and 1,216 deaths caused by E histolytica 
infection in Mexico. 461 In Bangladesh, studies using 
the stool antigen detection test showed that city¬ 
dwelling children with diarrhea had a 4.2% preva¬ 
lence rate of infection with E histolytica} 62 

In developed countries, such as the United States, 
amebiasis is predominately a disease of recent im¬ 
migrants and travelers returned from the tropics. 
One study in Germany documented that 0.3% of 
travelers abroad acquired invasive amebiasis, with 
the risk of infection increasing with the length of 
the trip. 463 One dramatic example was 160 Italian 
travelers who went on a 5-day trip to Thailand 
where 72% were infected; consumption of certain 
foods (ie, ice, ice cream, raw fruit) was significantly 
linked to E histolytica infection. 464 

Pathogenesis and Clinical Findings 

E histolytica is thought to invade the colonic epi¬ 
thelium directly, adhering to host cells via the Gal / 
GalNAc lectin. 465 In vitro studies have demonstrated 
that lectin-mediated adherence is necessary for cy- 


TABLE 37-9 

HISTORY, SYMPTOMS, AND SIGNS OF 
AMEBIC COLITIS 


Male/female 1/1 

Immigrant from or traveler to endemic area Most 

Gradual onset Most 

Length of symptoms > 1 wk Most 

Heme (+) stools 100% 

Diarrhea 94-100% 

Dysentery 94-100% 

Abdominal pain 12-80% 

Weight loss 44% 

Fever > 38°C 10% 


tolysis, but the exact mechanism of cell killing is 
not known. 466 Tissue destruction begins as small foci 
of necrosis that progress to ulcers. The characteris¬ 
tic amebic lesion is a flask-shaped ulcer extending 
through the mucosa and muscularis mucosa into 
the submucosa. Factors that might influence the 
invasiveness of infection experienced by the host 
may include the particular strain of E histolytica 
present, the presence of anti-ameba antibodies, and 
the host's bacterial flora in the intestine, genetic 
predisposition, and nutritional state. 

The most common clinical manifestation of in¬ 
testinal amebiasis is amebic colitis, characterized by 
liquid stools (up to 25 a day) containing bloody 
mucus and accompanied by abdominal pain and 
tenderness (Table 37-9). The onset is usually 
gradual, building over the course of 1 to 3 weeks; 
when the diarrhea is severe, signs of dehydration 
and electrolyte imbalance may also be present. Es¬ 
sentially all patients have heme-positive stools, but 
fecal leukocytes may not be present, presumably 
due to the cytotoxic effect of amebic trophozoites 
on human neutrophils. 

Acute necrotizing colitis, or fulminant colitis, is 
a more unusual and more severe manifestation of 
intestinal amebiasis, with a predisposition for oc¬ 
curring in debilitated hosts. These patients are se¬ 
verely ill with fever, leukocytosis, profuse bloody 
mucoid diarrhea, and abdominal pain and dis¬ 
tention; the mortality rate is greater than 40%. 
Surgical intervention is often necessary to perform 
a partial or total colectomy. 467 Other uncommon 
results of intestinal invasion include ameboma, a 
carcinoma-like annular lesion of the colon, toxic 
megacolon, peritonitis, and cutaneous amebiasis. 
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TABLE 37-10 

HISTORY, SYMPTOMS, AND SIGNS OF 
AMEBIC LIVER ABSCESS 


Male/female 9/1 

Immigrant from or traveler to endemic area Most 

Length of symptoms > 4 weeks 21-51% 

Fever 85-90% 

Abdominal tenderness 84-90% 

Weight loss 33-50% 

Hepatomegaly 30-50% 

Diarrhea 20-33% 

Cough 10-30% 

Jaundice 6-10% 


From the intestine, invasion of submucosal 
venules can allow trophozoites to disseminate 
through the portal vein to the liver, where they can 
cause amebic liver abscess. Presenting symptoms 
of amebic liver abscess are usually fever and ab¬ 
dominal pain, often in the right upper quadrant 
(Table 37-10). On physical exam, there is often point 
tenderness over the liver, with or without hepatome¬ 
galy. Laboratory findings may include leukocyto¬ 
sis, mild anemia, and elevated alkaline phosphatase 
levels; hepatic imaging studies, such as ultrasound 
or computerized tomography, reveal an oval¬ 
shaped defect. Most patients do not experience con¬ 
current diarrhea, although a history of dysentery 
within the past year is common. 

Complications of liver abscess occur when the 
abscess expands to involve adjacent structures, such 
as the peritoneum, pericardium, diaphragm, 
pleural cavity, or lungs. Clinical manifestations of 
pleuropulmonary amebiasis are cough, pleuritic 
pain, and dyspnea. Less frequently, amebae spread 
to the brain by a hematogenous route, forming large 
necrotic lesions that rapidly prove fatal. 

Diagnostic Approaches 

Because £ histolytica is endemic in the developing 
world, heme-positive diarrhea, especially in the ab¬ 
sence of fever, in persons living in or returning from 
these areas should immediately raise the suspicion of 
amebic infection. Other invasive pathogens that 
should be included in the differential diagnosis are 
Shigella species. Salmonella enteritidis, Campylobacter 
jejuni, Yersinia enterocolitica, and the invasive species 
of Escherichia coli. Additionally, since amebiasis can 


mimic inflammatory bowel disease, care must be 
taken to distinguish between these two diagnoses 
because steroid administration can cause amebic dys¬ 
entery to develop into fulminant colitis. 

The standard method for diagnosing intestinal 
amebiasis is to identify £ histolytica trophozoites or 
cysts in the stool. This method, however, is flawed 
for two reasons. The first is that microscopic exami¬ 
nation of a single stool specimen has a sensitivity 
of no more than 33% to 50% and, according to one 
study, a specificity of 79%. The second major prob¬ 
lem is that this method fails to distinguish between 
the pathogen £ histolytica and the morphologically 
identical £ dispar, an organism that has never been 
documented to cause colitis or liver abscess. While 
it is true that hematophagous trophozoites are more 
likely to be £ histolytica, they can also be E dispar. i6S 

Taking advantage of the fact that £ histolytica and 
£ dispar possess divergent surface proteins, a stool 
antigen detection test that is specific for £ histolytica 
has become available for clinical use from TechLab, 
Inc (Blacksburg, Va.). This test uses monoclonal an¬ 
tibodies specific for the £ histolytica lectin in an en¬ 
zyme-linked immunosorbent assay. Sensitivity and 
specificity are very high for this kit, at 93% and 98% 
respectively. 468 Another diagnostic test is the indi¬ 
rect hemagglutination test for anti-amebic antibody. 
This test is approximately 80% to 90% sensitive for 
amebic colitis and liver abscess but is problematic 
because it can be negative early in the course of infec¬ 
tion and remain positive for years after an episode 
of amebiasis. 469 In endemic areas where a substan¬ 
tial number of residents have anti-amebic antibod¬ 
ies as detected by this test, a positive serologic test 
may reflect current or prior invasive amebiasis. 470 

If liver abscess is suspected, hepatic imaging can 
quickly establish the presence of a cavitary defect 
in the liver. However, because comparative studies 
using ultrasound, computerized tomography, and 
magnetic resonance imaging have shown that it is 
not possible to differentiate amebic from pyogenic 
abscess based on imaging alone, 471 " 473 information 
from epidemiologic risk factors must be used to 
suggest a diagnosis. Patients with amebic liver ab¬ 
scess tend to be younger in age (less than 45 years), 
predominantly male, and recent travelers or immi¬ 
grants. Pyogenic liver abscess patients, on the other 
hand, often present with concurrent biliary tract dis¬ 
ease. Serum anti-amebic antibodies can also be use¬ 
ful for establishing a diagnosis, and, if necessary, 
ultrasound-guided fine needle aspiration can be 
used to investigate the lesion. The stool antigen 
detection test is less effective for liver abscess, with 
a sensitivity of only 67%. 474 
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Recommendations for Therapy and Control 

Asymptomatic colonization with £ histolytica can 
be treated with diloxanide furoate (500 mg three 
times a day for 10 days in adults) or with paromo¬ 
mycin (30 mg/kg in three divided doses for 7 days). 
Another luminal agent, diiodohydroxyquin, can 
cause optic atrophy and vision loss in children re¬ 
ceiving chronic treatment and is not commercially 
available in the United States. All three of these 
agents are generally well tolerated. 

Both amebic colitis and liver abscess can be treated 
with metronidazole (500-750 mg three times a day for 
10 days) plus one of the luminal agents. Although 
metronidazole has some unpleasant side effects, such 
as headache, nausea, metallic taste, and a disulfuram- 
like reaction to alcohol, reaction is rarely severe, and 
treatment efficacy is greater than 90%. Uncommon 
neurologic side effects, such as vertigo, encephalitis, 
or neutropenia, may require discontinuation of treat¬ 
ment. Tinidazole, a nitroimidazole not available in the 
United States, is also an effective treatment. If patients 
with liver abscess fail to respond after 3 days, chloro- 
quine or dehydroemetine may be added to the regi¬ 


Introduction and Military Relevance 

Since the time of the Israelites fighting the 
Hittites, prevention of diarrheal disease has been a 
key factor in the successful mobilization of troops. 
A passage in Deuteronomy (23:9) exhorts the Isra¬ 
elites: "As part of your equipment have something 
to dig with, and when you relieve yourself dig a 
hole and cover up your excrement." 

Giardiasis is an important parasitic cause of diar¬ 
rheal disease. It is the most common parasite identi¬ 
fied in stool samples of individuals in the United 
States, present in about 4% of stool specimens sub¬ 
mitted to clinical laboratories. 475 The disease is quite 
common in developing countries, especially in urban 
slums where a substantial number of children are in¬ 
fected. Waterborne and foodborne transmission are 
the most frequent mechanisms of spread, with per- 
son-to-person spread important in daycare settings 
and among sexually active homosexual males. 

In the military, giardiasis will most often be en¬ 
countered in personnel during or after return from 
deployment to developing countries. In addition, 
it may be seen by those caring for native popula¬ 
tions, refugees, and peacekeeping forces from de¬ 
veloping nations. An example of the increased risk 
for giardiasis in developing countries is the experi¬ 
ence with diarrheal illness in expatriate residents 


men. Needle aspiration of liver abscess is usually not 
required and has not been shown to speed recovery. 

Control of amebic infection can be achieved by 
eradicating fecal contamination of food and water. 
Human feces must be disposed of in a sanitary 
manner, and persons working in endemic areas 
must be educated in personal hygiene and safe han¬ 
dling of locally obtained food and water supplies. 
Since cysts are resistant to low doses of chlorine or 
iodine, water can be boiled to make it safe to drink, 
and raw vegetables should be washed with soap 
and then soaked in vinegar for 15 minutes to en¬ 
sure eradication of the cysts. Public water supplies 
can be protected from contamination by sand fil¬ 
tration, which removes most cysts. 315 

Although diarrheal pathogens such as E histolytica 
have long been a scourge of army encampments, 
recent military operations, such the Persian Gulf 
War, where the percentage of personnel treated for 
gastroenteritis per week dropped to below 1% af¬ 
ter the first month, demonstrates that with proper 
precautions diarrheal disease does not have to be a 
major player in future military campaigns. 

[William A. Petri, Jr.; Joanna M. Schaenman] 


and tourists to Nepal, where 9% to 16% had Giardia 
lamblia identified in their stools. 77 In Operation Re¬ 
store Hope in Somalia from 1992 to 1993, 0.8% of 
personnel sought care for diarrheal illness each 
week and less than 3% of all personnel reported a 
diarrheal illness per week. G lamblia was isolated 
from 4% of personnel with diarrhea, making it the 
third most common eneteropathogen identified 
(Shigella species were isolated from 33% and 
enterotoxigenic Escherichia coli from 16%). The rela¬ 
tively low overall attack rate of diarrhea (compared 
to previous deployments in developing countries) 
likely was due to the lack of consumption of local 
food products because of the economic devastation 
and security threats within Somalia. As in previ¬ 
ous deployments, personnel drank bottled water 
from approved vendors and preprepared food from 
the United States. 283 A survey of 422 Marines re¬ 
turned from Operation Desert Storm similarly re¬ 
vealed a 2% prevalence of G lamblia cysts. 476 The risk 
of contracting giardiasis is not restricted to devel¬ 
oping countries, however. In a Utah Army National 
Guard field training exercise in the Rocky Moun¬ 
tains of the United States, 15% of all personnel re¬ 
ported symptoms consistent with giardiasis, and 
symptoms were reported in 62% of personnel who 
supplemented their water supply with raw water 
from lakes, streams, and a cattle watering trough. 477 
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Description of the Pathogen 

Giardia lamblia has also been called G intestinalis 
and G duodenalis. The infective form of the parasite 
is the cyst, which is 7 to 10 pm wide and 8 to 12 pm 
long, with a refractile cell wall and 2 to 4 nuclei. 
Trophozoites are the motile form of the parasite, 
which emerge from the cyst in the small bowel lu¬ 
men. They contain 2 nuclei and 4 flagella and are 
12 to 15 pm long by 5 to 10 pm wide. The nuclei 
have a characteristic central karyosome, which 
gives the trophozoite its face-like appearance in 
stained specimens. The dorsal surface of the tro¬ 
phozoite is round and smooth, while the ventral sur¬ 
face has a concave anterior disc that is thought to help 
the trophozoite adhere to the intestinal epithelium. 

Epidemiology 

Transmission 

Giardiasis is highly infectious—ingestion of as 
few as 10 to 25 cysts produces disease in human 
volunteers. Waterborne transmission is an impor¬ 
tant route of acquisition of giardiasis. Consumption 
of improperly treated surface water (as opposed to 
well water) is the most important risk factor. Mili¬ 
tary personnel, hikers, and campers who consume 
untreated stream or other surface water are at risk 
for infection with giardia. Surface water may be con¬ 
taminated not only with giardia from human 
sources, but also with giardia from beavers, musk¬ 
rats, and possibly other animals that have the po¬ 
tential to transmit giardia to humans. 478 

Foodborne transmission occurs. In one instance, 
32 employees of a public school system developed 
symptomatic giardiasis after eating home-canned 
salmon. The salmon had been prepared by a grand¬ 
mother who had just diapered her grandson, and 
the grandson was subsequently shown to have gia¬ 
rdia infection. 479 Outbreak investigations need to 
consider the possibility of foodborne transmission, 
although waterborne transmission is more common. 

Person-to-person spread of giardia infection is 
documented in children and employees in daycare 
centers, in sexually active male homosexuals, and in 
residents of institutions for the mentally handicapped. 

Geographic Distribution 

Giardiasis occurs in all parts of the world and is 
a common cause of waterborne outbreaks of diar¬ 
rhea in the United States. Waterborne outbreaks 
have occurred in the Rocky Mountain areas of the 
United States and Canada and in the northwestern 


and northeastern United States. Even seemingly 
pristine mountain streams in North America can be 
contaminated with giardia; the infectious giardia 
cysts are extremely stable in cool water. In some 
urban slums in developing countries, rates of giar¬ 
dia infection approach 100%. 480 

Incidence 

Surveys of children under the age of 3 years in 
daycare centers have measured giardia infection 
rates as high as 25% to 50%. 481 Most of these infec¬ 
tions are asymptomatic: studies demonstrated that 
children with giardia infection had normal nutri¬ 
tional status and were not more likely to have en¬ 
teric symptoms. Parents of children in day care and 
daycare workers have a higher rate of giardia in¬ 
fection than the overall population. Homosexual 
men seen in sexually transmitted disease clinics 
have rates of giardia infection as high as 10%. 482 

Pathogenesis and Clinical Findings 

Pathogenesis 

Infection is initiated by the ingestion of G lamblia 
cysts. Excystation follows ingestion, with the tropho¬ 
zoites multiplying in the small bowel. The infection 
remains luminal in almost all cases, with rare excep¬ 
tions of mucosal invasion by the trophozoites. The 
parasite may adhere to the intestinal epithelium via 
its ventral disk or via a parasite carbohydrate-bind¬ 
ing adhesin protein. Trophozoites encyst in the bowel 
lumen, with an encystation-specific secretory vesicle 
system implicated in synthesis of the cyst wall. 483 

The pathogenesis of diarrhea is not clear. No en- 
terotoxin has been characterized, and the organism 
is normally not invasive. Damage to intestinal epi¬ 
thelial cells and atrophy of microvilli have been 
shown in biopsies of some patients with giardiasis. 
Malabsorption of protein, D-xylose, and fat soluble 
vitamins, as well as disaccharidase deficiency, oc¬ 
curs in some patients with giardiasis. 

Different strains of the parasite differ in their 
ability to cause infection and diarrhea, as has been 
shown in human challenge studies. Parasite surface 
antigen variation has been documented in vitro and 
in experimental human infections, and the antibody 
response has been shown to be isolate-specific, sug¬ 
gesting that antigenic variation may be a mecha¬ 
nism of immune evasion. 484 

Evidence for acquired immunity to giardiasis 
includes the lower incidence of infection in adults 
than in children and the observation from epide¬ 
miological and human experimental challenge stud- 
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ies that symptomatic infections with giardia are 
more common with the first episode of infection 
than with later infections. 480 ' 484 

Clinical Findings 

Infection can be manifest after return from an 
endemic or high-risk area, as the average incuba¬ 
tion period from infection to onset of diarrhea is 7 
days and can be as long as 28 days. The typical pa¬ 
tient with symptomatic giardiasis will have an ill¬ 
ness lasting 7 days or more with some combination 
of symptoms including diarrhea, flatulence, foul¬ 
smelling stools, nausea, abdominal cramps, and 
excessive tiredness (Table 37-11). The most notable 
feature of the illness is the prolonged nature of the 
diarrhea and the malabsorption that may be 
present. 485 Lactase deficiency and malabsorption of 
D-xylose, protein, fat, and fat-soluble vitamins may 
all occur to varying degrees. Stool specimens are 
semiformed or loose, lack occult blood, and may 
contain mucus or fecal leukocytes or both. Espe¬ 
cially in endemic settings, such as daycare centers 
in the developed world and urban slums in devel¬ 
oping countries, most giardia infection is asymp¬ 
tomatic. Protection against symptomatic infection 
in children under 18 months of age has been asso¬ 
ciated with breast feeding. 

Diagnostic Approaches 

The diagnosis of giardiasis should be considered 
in outbreaks or individual cases of diarrheal ill¬ 
nesses lasting 5 to 7 days or more. Travel to a de¬ 
veloping country, exposure to children in day care 
or to institutionalized individuals, and sex between 
male homosexuals should all increase the suspicion 
of giardiasis. Common source outbreaks can be ei¬ 
ther waterborne or foodborne. 

Historically, giardiasis has been diagnosed by 
identification of the trophozoite or cyst in stool 
specimens. The motile trophozoite can sometimes 
be identified in a saline wet mount of fresh stool. 
Cysts can be stained with iodine; stools preserved in 
polyvinyl alcohol need trichrome or iron hematoxylin 
stains. Antigen detection assays are now available 
from at least six companies in immunofluorescent 
and enzyme immunoassay formats. These tests have 
comparable, and in many cases improved, sensitivity 
and specificity compared to microscopy. Sampling 
of duodenal contents for giardia by aspiration, bi¬ 
opsy, or string test is almost never necessary if care¬ 
ful examination of stool with antigen detection tests 
or stool microscopy is performed. 


TABLE 37-11 

PERCENTAGE OF PATIENTS WITH GIARDIA¬ 
SIS WHO HAVE SPECIFIC SYMPTOMS AND 
SIGNS OF GIARDIASIS 


Prolonged diarrhea 

100% 

Fatigue 

97% 

Abdominal cramps 

83% 

Bloating 

79% 

Malodorous stool 

79% 

Flatulence 

76% 

Weight loss 

59% 

Fever 

21% 

Vomiting 

17% 


Reprinted with permission from Oxford University Press: 
Hopkins RS, Juranek DD. Acute giardiasis: an improved clini¬ 
cal case definition for epidemiologic studies. Am ] Epidemiol. 
1991;133:402-407. 

Recommendations for Therapy and Control 

Metronidazole is the drug of first choice for treat¬ 
ment of giardiasis, although it does not have a Food 
and Drug Administration indication for this use; 
tinidazole is also effective but is unavailable in the 
United States. Metronidazole (250 mg three times a 
day for adults or 15 mg/kg a day in three divided 
doses for 5 days for children) is 80% to 95% effective. 
Side effects of treatment include a disulfiram-like 
reaction when taken with alcohol, nausea, dry mouth, 
and headache. Dizziness, vertigo, paresthesias, and, 
rarely, encephalopathy or convulsions can be neu¬ 
rologic side effects and warrant discontining the 
drug. Neutropenia has been associated with met¬ 
ronidazole but is reversible after discontinuing the 
drug. There is no evidence of carcinogenicity or 
mutagenicity of metronidazole in humans, although 
use during the first trimester is not indicated. Al¬ 
ternative drugs include furazolidone, which can 
cause hemolysis in individuals with glucose-6-phos- 
phate dehydrogenase deficiency; quinacrine, which 
is poorly tolerated because of nausea, vomiting, and 
cramping and is unavailable in the United States; 
and paromomycin, for which clinical experience in 
the treatment of giardiasis is limited. 486 In patients 
with a history of exposure and clinical findings 
consistent with giardiasis but with negative stool 
diagnostic studies for G lamblia and other enteropath- 
ogens, many authorities recommend empiric treat¬ 
ment with metronidazole because of the historic 
difficulties with sensitivity of the diagnostic tests. 
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Prevention of waterborne outbreaks requires 
proper flocculation, sedimentation, filtration, and 
chlorination of water supplies. Filtration is the 
single most important step of water purification for 
removal of the chlorine-resistant giardia cysts from 
community water supplies, as the cysts of giardia 
are not completely inactivated by the other steps. 
Good personal hygiene is required to prevent trans¬ 
mission by food handlers and in daycare centers. 
For military personnel in the field, all surface wa¬ 
ter should be considered to be contaminated with 


giardia. Approaches to field water purification in¬ 
clude bringing the water to a boil for 1 minute, fil¬ 
tration through a 2 pm filter (but a 1 pm filter is 
best to also eliminate other cyst organisms), or treat¬ 
ment for 30 minutes with halazone (5 tablets per 
liter for 30 minutes), Globaline (tetraglycine 
hydroperiodide, 1 tablet per quart), or saturated 
crystalline iodine (12.5 mL/L for 30 minutes). Hala¬ 
zone or iodine treatment of water is less effective 
at 3°C than at 20°C. 487 

[William A. Petri, Jr.] 


ENTERIC COCCIDIA INFECTIONS 


Cryptosporidium 

Introduction and Military Relevance 

Cryptosporidium parvum, an intracellular coccidian 
protozoan, is an important emerging enteric patho¬ 
gen associated with large waterborne outbreaks and 
cases related to person-to-person and zoonotic 
transmission. The control of this organism is chal¬ 
lenging because of its high resistance to chlorine 
and other chemical disinfectants, small size (mak¬ 
ing filtration of the organism from potable water 
sources difficult), low infectious inoculum, and 
ubiquitous presence in various animal hosts and 
surface-water sources worldwide. 488 

Cryptosporidium was described in 1907 but first 
became recognized as an important human patho¬ 
gen during the 1980s among immunocompromised 
persons, especially those infected with human im¬ 
munodeficiency virus (HIV). Since then, the organ¬ 
ism has increasingly been recognized as a common 
cause of diarrhea among immunocompetent per¬ 
sons in both developed and developing countries. 
Cryptosporidium is a well-recognized cause of 
traveler's diarrhea 489,490 and should be specifically 
considered in any water purification strategy used 
during a military deployment. 

Description of the Pathogen 

At least 20 species of Cryptosporidium have been 
reported, with C parvum the species associated with 
clinical illness in humans. 488 C parvum is found in a 
variety of mammals, including livestock and pets. 
It has a complex life cycle, which includes sexual 
and asexual stages and the ability to auto-infect and 
complete its development within a single host. The 
infectious inoculum has been proven to be as low 
as 30 organisms and theoretically may be as low as 
one organism. 491,492 Infectious oocysts, excreted by 


persons or animals, can exist in the environment 
for prolonged periods. 

Epidemiology 

Transmission. Fecal-oral transmission of oocysts 
can occur through person-to-person contact, animal-to- 
person contact, and ingestion of water or food that has 
been contaminated by human or animal feces. 493 Because 
of the widespread prevalence of the organism in ani¬ 
mals, Cryptosporidium is ubiquitous in a variety of 
environmental water sources. Municipal drinking 
water outbreaks in the United States and other coun¬ 
tries have occurred when Cryptosporidium has passed 
from surface-water sources (eg, lakes, rivers, and 
streams) through municipal treatment systems that met 
regulatory standards for filtration and chlorination . 4 '' 4495 
The largest known Cryptosporidium diarrheal outbreak 
linked to public water occurred in 1993 and affected 
more than 400,000 residents of the Milwaukee, Wis., 
area. 495 In addition to common-source outbreaks linked 
to drinking water, outbreaks linked to public swimming 
facilities have also been well documented. 493,496 

Recent studies suggest that Cryptosporidium oo¬ 
cysts are present in 65% to 97% of surface water in 
the United States and that small numbers of oocysts 
regularly breach filtration systems; oocysts have 
been found in tap water in 27% to 54% of commu¬ 
nities evaluated. 493 

Because of the low infectious inoculum, Crypto¬ 
sporidium organisms are easily passed from person 
to person in a variety of settings, such as within 
families, at childcare and health care centers, at 
other institutional settings, and between sexual 
partners. 488,493,497 Animal-to-human transmission has 
been documented, especially from calves but also 
from other livestock, laboratory animals, and, oc¬ 
casionally, household pets. 488,493 There has been at 
least one case of cryptosporidiosis thought to be 
related to aerosol transmission. 498 
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Geographic Distribution. Cryptosporidium has a 
world-wide distribution. However, the widespread 
nature of Cryptosporidium is often not well appreci¬ 
ated because of the lack of routine testing for this 
organism in clinical microbiology laboratories and re¬ 
search laboratories that specialize in enteric diseases. 

Incidence. The organism has been estimated to 
cause 5% to 10% of diarrheal cases in developing 
countries and 1% to 3% of diarrheal cases in the 
United States and Europe, 488 but reported rates vary 
widely. 499 The high seroprevalence of Cryptosporidium 
that has been documented even in developed coun¬ 
tries, where 17% to 58% of adults have detectable 
antibodies, 494,499,500 attests to the widespread expo¬ 
sure to the organism. 

Pathogenesis and Clinical Findings 

Sporozoites released from ingested oocysts in¬ 
vade and replicate in intestinal epithelial cells in 
both the small and large intestine. The exact mecha¬ 
nism of how the organism causes diarrhea is un¬ 
known. The average incubation period is 7 days, 
with a relatively wide range (1 to 28 days). 488,501 ' 502 

In normal as well as immunocompromised hosts, 
infection can range from asymptomatic to severe, chol¬ 
era-like diarrhea. Acute, watery diarrhea is the most 
common symptom and may be accompanied by loss 
of appetite, abdominal cramps, fatigue, malaise, nau¬ 
sea, vomiting, fever, and other symptoms. 488,495 Clues 
that may suggest a Cryptosporidium infection include 
prolonged diarrhea and diarrhea that is unresponsive 
to standard antibiotic treatment. In the Milwaukee 
outbreak, the mean duration of illness was 9 to 12 days 
for persons with laboratory-confirmed infection. 495,501 
In normal hosts, the illness is self-limited, whereas 
immununocompromised hosts are predisposed to 
chronic Cryptosporidium infections. 

Cryptosporidium can be excreted well after the 
resolution of symptoms. Although oocyst shedding 
for up to 2 months has been documented, the mean 
duration of shedding after resolution of symptoms 
is 7 days. 502 In the Milwaukee outbreak, 39% of pa¬ 
tients developed recurrent episodes of watery diar¬ 
rhea after 2 to 14 days of being free of symptoms. 501 
The explanation for these recurrences, which lasted 
an average of 2 days (range 1 to 14 days), is uncertain 
but may relate to persons reinfecting themselves with 
oocysts that they are shedding. 

Diagnostic Approaches 

Cryptosporidium infection should be considered 
in the differential diagnosis of diarrheal episodes 


among US service members stationed in developing 
and developed countries. It is important for clinicians 
to determine whether routine ova and parasite ex¬ 
aminations performed at their laboratory facilities 
include evaluation for Cryptosporidium. The diag¬ 
nosis in a field setting is the same as in garrison. 
The diagnosis can be made in a field setting if there 
are capabilities for performing routine microscopy 
by a concentration procedure such as Sheather's 
sugar flotation or modified acid-fast staining. 488 
Stool specimens may be examined fresh or after for¬ 
malin fixative under routine light microscopy. Using 
the Sheather's sugar flotation method, Cryptospo¬ 
ridium species display a pink-tinged spherical shape 
under high-power light microscopy. Oocysts stain 
red or pink using the modified acid-fast procedure. 
Because other coccidia have similar microscopic and 
staining characteristics, it is important to measure 
the size of organisms detected. Cryptosporidium spe¬ 
cies are typically 4 to 6 pm in size, compared with 8 
to 10 pm for Cyclospora and 20 to 30 pm for Isos- 
pora. 503 Newer assays using monoclonal antibodies, 
immunofluorescence, and enyzme-linked immuno¬ 
sorbent assay methods have been developed that 
may offer increased sensitivity in detecting 
Cryptosporidium in fecal specimens. 488,504 

Recommendations for Therapy and Control 

Numerous drugs have been tried against Crypto¬ 
sporidium with poor or limited success, although 
data from one study suggest that paromomycin, a 
poorly absorbed aminoglycoside, is effective in re¬ 
ducing oocyst excretion and improving clinical con¬ 
dition of patients with acquired immunodeficiency 
syndrome and cryptosporidiosis. 505 No treatment 
has been proven to shorten the course of infection 
in normal hosts. 

Although data are limited on the risk of Crypto¬ 
sporidium in military populations, based on data 
from civilian communities and travelers, Crypto¬ 
sporidium may pose a significant threat of causing 
outbreaks related to the waterborne and person-to- 
person modes of transmission. The Centers for 
Disease Control and Prevention's (CDC's) strategy 
for prevention of infection 506 combines optimal po¬ 
table water treatment with improved diagnostic and 
surveillance methods. The risk associated with low 
levels of oocysts, such as are commonly found in 
publicly treated water, is unknown but is generally 
not considered to be a serious hazard for immuno¬ 
competent persons unless other data suggest that 
water quality is not acceptable. Such data include 
epidemiologic evidence of an increase in the number 
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of cases, water turbidity measurements, fecal 
coliform counts, and particle counts or turbidity mea¬ 
surements on filters. When evidence suggests that 
water quality may not be adequate, the CDC recom¬ 
mends boiling drinking water as the most reliable 
method of killing oocysts. 506 Bringing water to a boil 
for any length of time is adequate. 507 If a filtration sys¬ 
tem is used, only a filter capable of removing particles 
less than or equal to 1 pm should be used. 506 Filters in 
this category include those that produce water by re¬ 
verse osmosis, those labeled as "Absolute" 1 pm fil¬ 
ters, and those meeting American National Standards 
Institute (ANSI) (formally the National Sanitation 
Foundation) International Standard #53 "Cyst Re¬ 
moval." Systems that only employ ultraviolet light, 
activated carbon, or pentiodide-impregnated resins 
are not effective against Cryptosporidium. Bottled wa¬ 
ter does not guarantee that the water is free of oo¬ 
cysts unless it was distilled or filtered by methods that 
meet the criteria indicated above. Bottled-water labels 
have not been standardized regarding water source 
and whether treatment methods are adequate to re¬ 
move oocysts. Generally, groundwater sources (eg, 
springs and wells) are much less likely to contain 
Cryptosporidium oocysts than surface-water sources, 
but the exclusive source of water is often not speci¬ 
fied. Use of the terms "microfiltration" or "Nominal" 

1 pm filters may not ensure that the filters used were 
effective against Cryptosporidium. Ozonation can kill 
oocysts, but the appropriate concentration and con¬ 
tact time relative to the allowable level of ozone has 
not been established for bottled water. Carbonated 
canned or bottled beverages are considered safe. 

In addition to assuring adequate water treatment, 
secondary transmission through person-to-person 
spread needs to be carefully controlled because of the 
low infectious inoculum. Patients with Cryptospo¬ 
ridium infections should be instructed to wash their 
hands frequently (especially after using the toilet 
and before eating), avoid preparing food, avoid 
contact with hospitalized or institutionalized per¬ 
sons, and refrain from swimming in public bathing 
areas (such as swimming pools) while they have 
diarrhea. They should follow these precautions for 

2 weeks after symptoms have resolved because of 
the likelihood that they will continue to shed vi¬ 
able organisms. 506 

Cyclospora Species 

Introduction and Military Relevance 

Cyclospora species (previously referred to as 
cyanobacterium-like bodies) has been associated 


with prolonged diarrhea among travelers 508-513 and 
indigenous persons living in developing counties. 514-517 
Like Cryptosporidium, Cyclospora is also a cause of 
chronic diarrhea in HIV-infected persons. 511,512,518 
Although the organism was first described in 1979, 519 
it was not recognized as an important pathogen 
until the late 1980s and early 1990s. 508-514 Traveler's 
diarrhea cases caused by Cyclospora have been re¬ 
ported from all over the world, and a particularly 
high incidence of the infection has been docu¬ 
mented among tourists and expatriate residents in 
Nepal. 508,509 

Description of the Pathogen 

Initial reports in the 1980s and early 1990s de¬ 
scribed the organism either as resembling a 
cyanobacterium (blue-green algae), based primarily 
on the morphology in formalin-preserved specimens, 
or a coccidia, based on staining characteristics that 
were similar to Cryptosporidium parvum. 50S - 51 °- 513 - 520 
The organism, collected in potassium dichromate, 
was conclusively shown in 1993 to be a coccidia. 
Based on its sporulation characteristics, it was iden¬ 
tified as a Cyclospora, a coccidia found in certain 
animals, and the name Cyclospora cayetanensis was 
proposed. 514,521 A Cyclospora oocyst, when induced 
to sporulate, develops four sporozoites within two 
sporocysts. 

Epidemiology 

Transmission. Studies provide compelling evi¬ 
dence that Cyclospora is a waterborne disease. In a 
case-control study of expatriates and travelers in 
Nepal, consumption of untreated water was 
significantly associated with disease. 509 Cyclospora 
infections in Nepal and other locations are highly 
seasonal, with virtually all cases occurring during 
the warm, rainy months. 508,509 This suggests that en¬ 
vironmental factors are important in the life cycle 
of this organism. In 1990, an outbreak of diarrhea 
caused by Cyclospora occurred among 21 house-staff 
physicians and other staff working at a hospital in 
Chicago. 522 An epidemiologic investigation identi¬ 
fied tap water in the physicians' dormitory as the 
most likely source, and an environmental investi¬ 
gation suggested that stagnant water in a rooftop 
storage tank may have contaminated the water sup¬ 
ply after a pump failure. A 1995 outbreak of 
Cyclospora-induced diarrhea at a country club in 
New York was also traced to contaminated drink¬ 
ing water. 523 

Like Cryptosporidium, Cyclospora is difficult to 
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identify in water sources; the concentration of oo¬ 
cysts in water is likely to be low. However, there 
are at least three reports of the organism being iden¬ 
tified in epidemiologically implicated water 
sources. 509,524,525 Cyclospora may be similar to 
Cryptosporidium in being resistant to chlorine. In 
1994, an outbreak of diarrhea caused by Cyclospora 
occurred among British soldiers stationed at a 
Gurka military training camp in Pokhara, Nepal. 524 
The organism was found in camp drinking water 
despite adequate chlorine levels. 

In addition to the waterborne route of transmis¬ 
sion, there is increasing evidence that Cyclospora is 
transmitted by food sources. 526-529 In the case-con¬ 
trol study from Nepal, consumption of untreated 
water accounted for only 28% of cases studied, 509 
suggesting that additional modes of transmission, 
such as by food or person-to-person contact, were 
likely. In one report from Nepal, Cyclospora was 
identified on a head of lettuce from which a patient 
had eaten 2 days before the onset of symptoms. 526 

In 1996 and 1997, large outbreaks of Cyclospora 
infection were detected in the United States and 
Canada. 529,530 Evidence implicated consumption of 
fresh raspberries from Guatemala and led to widespread 
recognition of the importance of this pathogen. 

Geographic Distribution. A growing number of 
reports suggest that Cyclospora has a worldwide 
distribution. These include case reports of diarrhea 
among travelers and indigenous persons in numer¬ 
ous developing countries, 508-519 as well as reports of 
Cyclospora outbreaks and sporadic cases occurring 
in developed countries. 522,523,528-531 

Incidence. Although there have been many case 
reports throughout the world, there have been very 
few systematic studies of prevalence or incidence 
of Cyclospora in defined populations. Among expa¬ 
triates and tourists in Nepal, the organism is iden¬ 
tified in more than 10% of diarrhea cases occurring 
during the rainy season, and an annual incidence 
of 7% was documented among US Embassy person¬ 
nel and dependents there in 1992. 509 In a subsequent 
year-long active-surveillance study of expatriate 
residents, an annual incidence of 32% (16 cases per 
50 person-years) was detected. 532 Among Nepalese 
children younger than 5 years of age presenting to 
a clinic for treatment of diarrhea, 5% had Cyclospora 
identified in their stool. 515 There was a pronounced 
age variation, with a 12% prevalence among those 
children who were 18 months of age or older. 

In a prospective study in Peru, 6% to 18 % of chil¬ 
dren younger than 2 years of age were found to have 
Cyclospora organisms at some time during a 2-year 


period when stools were examined on a weekly 
basis. 514 Because the vast majority of stools were 
collected during times when children were well, 
only 22% of detected infections were associated 
with symptoms. 

Cyclospora is likely to be a cause of low-level en¬ 
demic disease in the United States, based on reports 
from the CDC and a prevalence study from Lahey 
Clinic in Massachusetts. 531 Of 1,042 consecutive 
stool samples examined at the Lahey Clinic's mi¬ 
crobiology laboratory, 3 (0.3%) were positive for the 
organism. These three patients had no history of 
recent travel and presented with relapsing watery 
diarrhea that lasted from 12 days to 8 weeks. 

Pathogenesis and Clinical Findings 

Cyclospora causes a syndrome characterized by 
prolonged diarrhea and high morbidity if untreated. 
The largest case series that characterized the natu¬ 
ral history of infection and small intestinal pathol¬ 
ogy was among adult travelers in Nepal. 508,509,533 
Case-control data comparing patients with diarrhea 
to well controls provide strong evidence that 
Cyclospora is pathogenic. 509 

In the first few days of Cyclospora infection, symp¬ 
toms can be indistinguishable from those caused by 
bacterial enteric pathogens, including the abrupt 
onset of watery diarrhea, fever, nausea, vomiting, 
and abdominal cramps. A protracted course of in¬ 
termittent diarrhea, fatigue, upper intestinal symp¬ 
toms (eg, loss of appetite, nausea, increased gas), 
and weight loss follows. 508,509 Among adult travel¬ 
ers in Nepal, the diarrheal illness associated with 
Cyclospora lasted a median of 7 weeks, compared with 
9 days for persons with other causes of diarrhea. 509 
Patients with Cyclospora averaged six diarrheal 
stools per day, which was similar to the number of 
stools seen in patients with bacterial diarrhea. Mal¬ 
absorption of D-xylose is characteristic. 508 Without 
treatment, the disease is eventually self limited, and 
the disappearance of the organism from stool speci¬ 
mens is highly correlated with the resolution of 
symptoms. 508,509 

The incubation period is not well characterized 
but is likely to be as short as 1 or 2 days, based on 
data from studies in Nepal and the Chicago out¬ 
break. Travelers in Nepal have acquired the infec¬ 
tion within 2 days of arriving in country. 508 In the 
Chicago hospital outbreak, most cases occurred 1 
to 8 days (with a peak at 2 days) after a water pump 
failure that was thought to be related to contami¬ 
nation of the water storage tank implicated in the 
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outbreak. 522 

Little is known about the life cycle of Cyclospora 
or the pathogenic mechanisms responsible for 
symptoms. It is likely, however, that sporozoites 
released from ingested oocysts invade and replicate 
in upper intestinal enterocytes in a similar manner 
as other coccidia. Small intestinal biopsies from 
patients with the disease have shown inflammatory 
changes, villous atrophy, and crypt hyperplasia. 533,534 
The organism has also been identified within jejunal 
enterocytes using electron microscopy. 534 

Diagnostic Approaches 

Unsporulated Cyclospora oocysts are easily rec¬ 
ognized in a fresh stool preparation using regular 
light microscopy. 514 However, up to 50% of infec¬ 
tions will not be detected unless a concentration 
procedure, such as with formalin ethyl acetate, is 
used (Rajah R, Shlim DR, unpublished data, 2000). 
Like Cryptosporidium, the organism floats in 
Sheather's sucrose solution and can be detected 
using a modified acid-fast staining procedure. 514,520 
Staining does not increase the rate of detection com¬ 
pared with a regular, concentrated, wet preparation 
(Rajah R, Shlim DR, unpublished data, 2000). Al¬ 
though most organisms appear red or pink on a 
modified acid-fast stain, some organisms resist the 
stain and appear white on the blue background. 520 
It is important to measure the size of Cyclospora 
oocysts to make sure that they are in the 8- to 10- 
pm range, because they are morphologically simi¬ 
lar but approximately twice the size of Cryptospo¬ 
ridium oocysts. Cyclospora organisms remain viable 
in potassium dichromate preservative for several 
months and will undergo sporulation within 5 days 
in vitro when incubated at 25°C to 32°C. 514 Forma¬ 
lin preservation tends to distort the internal struc¬ 
ture of the unsporulated oocyst, 520 which is seen as 
round on examination of fresh stool (Figure 37-4). 

Recommendations for Therapy and Control 

Cyclospora infections in immunocompetent persons 
respond rapidly to a standard dose of trimethoprim- 
sulfamethoxazole (TMP-SMX) 535,536 and in this manner 
resemble Isospora infections. Immunocompromised 
persons with Cyclospora infections also respond to 
TMP-SMX treatment, but the dose used in patients 
with HIV infection is twice the dose used in healthy 
travelers in Nepal. In addition, chronic suppressive 
therapy is necessary to prevent relapse in HlV-in- 
fected persons. 518 There is evidence that cipro- 
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Fig. 37-4. This is a Cyclospora oocyst detected from a fresh 
stool preparation. Cell walls measuring 8 to 10 pm in 
diameter surround a single round unsporulated morula. 
Photograph: Courtesy of Lieutenant Colonel Charles W. 
Hoge, Medical Corps, US Army. 


floxacin is an effective alternative, but its efficacy 
is less than that of TMP-SMX. 537 

Further studies are needed to determine optimal 
water purification strategies for Cyclospora, as well 
as the optimal methods to decontaminate suspect 
food. The outbreak in Nepal involving British sol¬ 
diers suggested that Cyclospora is similar to 
Cryptosporidium in being resistant to chlorine. 524 
Until additional data are available, the same strate¬ 
gies used to prevent Cryptosporidium oocyst trans¬ 
mission should be used to prevent transmission of 
Cyclospora oocysts. 

Isospora belli 

Isospora belli is mentioned in this chapter for com¬ 
pleteness but is not considered an important military 
infectious disease. In contrast to Cryptosporidium, Isos¬ 
pora is strictly a human parasite. This characteristic, 
combined with its large, easily filterable size, limits 
or precludes chances of acquiring this organism from 
environmental or zoonotic sources. Isospora is a very 
rare cause of traveler's diarrhea, 538 but it is an impor¬ 
tant cause of chronic diarrhea in immunosuppressed 
(especially HIV-infected) persons living in develop¬ 
ing countries. 503,539 The clinical features of illness and 
methods of diagnosis are similar to the two other in¬ 
testinal coccidia. Like Cyclospora, Isospora infections 
respond to treatment with TMP-SMX. 539,540 

[Charles W. Hoge] 
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HELMINTHS 


Introduction and Military Relevance 

The world abounds in parasites and the major¬ 
ity are helminths. In 1947, Stoll 541 estimated the 
human population to be 2.16 billion and the num¬ 
ber of helminthic infections in humans to be 2.25 
billion. The human population in 2000 will be about 
6 billion, and, based on current data, helminthic 
infections are keeping pace; at the end of the 20th 
century humanity's worm burden was 6 billion in¬ 
fections or more. 

Military personnel are often assigned or de¬ 
ployed to areas of the world that are endemic for 
helminthic infections, have poor sanitation, or are 
scenes of unrest and devastation where public 
health facilities have been destroyed and good pub¬ 
lic health practices are absent. Soil and water may 
be contaminated with human and animal excre¬ 
ment, and safe water supplies may be cut off. In 
the past, military personnel have acquired helmin¬ 
thic infections directly from fecally contaminated 
soil, from food by eating raw or poorly cooked meat 
and vegetables, and from water by ingesting helm¬ 
inth eggs, larvae, or intermediate hosts harboring 
larval stages of the parasites. Some helminths rel¬ 
evant to military personnel and transmitted by 
food, water, and soil are presented here and helm¬ 
inths transmitted by snail and arthropod vectors, 
such as those that cause schistosomiasis and filari- 
asis, are covered elsewhere. 

Infections caused by Strongyloides worms, 
hookworm, and a number of other soil-transmitted 
helminths have been reported in US military per¬ 
sonnel. Hookworm infection caused by Ancylostoma 
duodenale was documented in personnel deployed 
to Assam and Burma during World War II. Specific 
studies were also done on 50 selected hookworm- 
infected soldiers admitted to a hospital in Burma 
during World War II, and 80% of them had signifi¬ 
cant symptoms. 542 This parasite was also reported 
in personnel returning from the Pacific theater dur¬ 
ing World War II; 543 fortunately, little hookworm 
disease was seen in these cases. Ground troops were 
exposed to infection sleeping in foxholes, crawling 
through the jungle, and occupying native villages 
surrounded by soil previously contaminated with 
human excreta. A number of soldiers developed 
what was termed "trench cough" while in the fox¬ 
holes. This was caused by the migration of hook¬ 
worm larvae through the lungs. Coughing in the 
foxholes was a hazard since it could give the sol¬ 
diers' position away. There were 22,238 cases of 
hookworm treated during the years 1942 to 1945. 544 


In an earlier publication covering the same years, 
Swartzwelder 545 reviewed the numbers of nema¬ 
tode and cestode infections and reported 1,242 ad¬ 
missions for strongyloidiasis, more than 5,000 cases 
of ascariasis, 285 hospital and quarters admissions 
for trichuriasis (most had been acquired in the 
United States), and approximately 2,000 cestode 
infections caused by Taenia solium, T saginata, and 
Hymenolepsis nana. In another review, 546 a number 
of infections with Ascaris lumbricoides were reported, 
especially in American troops in the vicinity of 
Manila. Strongyloides stercoralis was reported in 7.4% 
of 633 stools from troops in the Pacific theater. Trichu¬ 
riasis, trichinosis, and even taeniasis were reported. 
Many Australian, British, and American ex-prison- 
ers of war who worked on the Thai-Burma railway 
acquired strongyloidiasis, which was only detected 
years later in Veterans Administration hospitals. 547 
Hookworm, S stercoralis, and A lumbricoides infections 
were also seen in US troops in Vietnam, 548 and these 
parasites, along with Trichuris trichuria, were di¬ 
agnosed in patients with diarrhea seen at the Naval 
Support Activity Hospital in Danang, Vietnam. 549 
Although many other helminthic infections were 
endemic in the Vietnamese, such as paragonimiasis, 
clonorchiasis, and fasciolopsiasis, none of these was 
seen in US service members. 550 

Helminthic infections among military personnel 
deployed to areas outside of Southeast Asia have 
also been reported. Dutch troops who had been in 
New Guinea became infected with Ancylostoma 
ceylanicum (erroneously reported as A braziliensis). 551 
US military personnel stationed in Panama and 
troops going through jungle training there experi¬ 
enced eosinophilia, which was attributed to soil- 
transmitted helminths. 552 Hookworm infection was 
also associated with US military operations in 
Grenada in 1983. 553 More recently, hookworm and 
S stercoralis have been associated with gastrointes¬ 
tinal illness in troops returning from jungle train¬ 
ing in Panama. 554 The eating of uncooked foods can 
also lead to infections during training exercises. 
During survival training on Okinawa, three US 
Marines acquired angiostrongyliasis by eating wild 
snails raw; others in the group ate only cooked 
snails and did not become ill. 555 

Description of the Pathogens 

The worms that parasitize humans belong to 
three main groups: nematodes (or roundworms) 
and two within the flatworms: cestodes (or tape¬ 
worms) and trematodes (or flukes) (Table 37-12). 
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TABLE 37-12 

HELMINTHS TRANSMITTED BY FOOD, WATER, AND SOIL 


Parasite 

Reservoir 

Means of 
Transmission 

Presenting Clinical 

Manifestations 

Nematodes 

Ascaris lumbricoides 

Humans 

Eggs in soil 

Vague intestinal symptoms, cough, pneumonitis, 
intestinal obstruction 

Trichuris trichuria 
(whipworm) 

Humans 

Eggs in soil 

Mucous diarrhea, abdominal discomfort, 
prolapsed rectum 

Necator americanus 
(New World hookworm) 

Humans 

Larvae in soil 

Dermatitis, eosinophilia, cough, abdominal 
pain, weakness, anemia 

Ancylostoma duodenale 
(Old World hookworm) 

Humans 

Larvae in soil 

Dermatitis, eosinophilia, cough, abdominal 
pain, weakness, anemia 

Ancylostoma braziliense 
(hookworm) 

Dogs 

Larvae in soil 

Cutaenous larva migrans, serpingineous 
tracts, dermatitis, pruritis 

Ancylostoma ceylanicum 

Dogs, cats 

Larvae in soil 

Anemia 

(hookworm) 

Strongyloides stercoralis 

Humans, dogs 

Larvae in soil 

Cough, eosinophilia, abdominal discomfort, 
larva currens 

Trichinella spiralis 

Pigs 

Larvae in meat 

Periorbital edema, muscle pain, eosinophilia, 
fever 

Gnathostoma spinigerum 

Dogs 

Larvae in fish, 
frogs, tadpoles 

Epigastric pain, vomiting, fever, edema, 
erythema, pruritis, rash, pain 

Capillaria philippinensis 

Birds 

Larvae in fish 

Diarrhea, abdominal pain, borborygmus 

Anisakis simplex 

Marine mammals 

Larvae in marine 
fish, squid 

Abdominal pain, eosinophilic granuloma, 
diarrhea, vomiting 

Angiostrongylus 

cantonensis 

Rats 

Larvae in snails, 
slugs 

Headache, eosinophilic meningitis, 
paresthesia 

Angiostrongylus 

costaricensis 

Cotton rats 

Larvae in slugs 

Abdominal pain, eosinophilia, palpable 
abdominal mass 

Dracunculus medinensis 

Humans 

Larvae in copepods 

Pruritis, blisters, ulcers, eosinophilia 

Cestodes 

Diphyllobothrium latum 

Fish-eating mammals 

Fish 

Anemia, vitamin B 12 loss 

Spirometra spp. 

Dogs, cats 

Frogs, tadpoles, 
snakes 

Larval migrans, pain, periorbital edema, 
eosinophilia 

Taenia saginata 

Humans 

Cysticercus larvae 
in beef 

Vague gasterointestinal symptoms, 
anorexia 

Taenia solium 

Humans 

Cysticercus larvae 
in pork 

Vague gastrointestinal symptoms, 
anorexia 

Taenia solium 
(Cysticercosis) 

Humans 

Eggs in soil 

Epileptic seizures, nodules, muscle pain, 
visual disturbances 

Hymenolepsis nana 

Rodents, beetles, 
fleas 

Cysticercoid larvae 
in insects or eggs 

Diarrhea, abdominal pain, anorexia, 
enteritis 

Hymenolepsis diminuta 

Rats, beetles 

Cysticercoid larvae 
in beetles 

Diarrhea, abdominal pain, anorexia, 
enteritis 

Trematodes: Liver 

Clonorchis sinensis 

Humans, fish-eating 
mammals 

Larvae in fish 

Diarrhea, jaundice, hepatomegaly, 
eosinophilia, cirrhoses 


(Table 37-12 continues) 
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Table 37-12 continued 


Opisthorchis viverrini 

Humans, fish-eating 
mammals 

Larvae in fish 

Diarrhea, jaundice, hepatomegaly, 
eosinophilia, cirrhoses 

Opisthorchis felineus 

Humans, fish-eating 
mammals 

Larvae in fish 

Diarrhea, jaundice, hepatomegaly, 
eosinophilia, cirrhoses 

Fasciola hepatica 

Sheep, goats, 
humans 

Water plants, 
watercress 

Abdominal pain, cirrhoses, jaundice, 
eosinophilia 

Trematodes: Lung 

Paragonimus westermani 

Crab-eating 

mammals 

Larvae in crabs 
and crayfish 

Cough, fever, hemoptysis, eosinophilia 

Trematodes: Intestinal 

Fasciolopsis buski 

Pigs, humans 

Water plants 

Abdominal pain, edema, diarrhea, 
eosinophilia, ascites 

Metagonimus yokogawai 

Fish-eating 

mammals 

Fish 

Vague abdominal pain, diarrhea, nausea 

Heterophyes spp. 

Fish-eating 

mammals 

Fish 

Vague abdominal pain, diarrhea, nausea 

Echinostoma spp. 

Rats, birds 

Snails, tadpoles, 
fish 

Abdominal pain, diarrhea, inflammation, 
ulcers 


Nematodes 

The nematodes are cylindrical and tapered at 
both ends. Their outer covering or skin consists of 
many layers of proteinaceous material that forms a 
cuticle. The size of these worms varies from a few 
millimeters to more than 50 cm. The mouth, at the 
anterior end, leads to a digestive tract and an anus 
at the posterior end. The sexes are separate: males 
have copulatory spicules and testes; some also have 
bursae, which are used to hold females during copu¬ 
lation. The females have one or two ovaries, a 
uterus, a vagina, and a vulva. The females produce 
eggs, larvae, or, rarely, both eggs and larvae. 

Cestodes 

The adult cestodes are flat and ribbon-like, con¬ 
sisting of chains of individual segments or proglot- 
tids collectively known as a strobila. The anterior 
end has a holdfast organ or scolex, with suckers and 
sometimes hooklets, followed by a neck. The neck 
is the area of growth or strobilization. Behind the 
neck region, the proglottids are of various sizes and 
stages of maturation: immature proglottids are 
followed by mature proglottids, with gravid pro¬ 
glottids filled with eggs at the extreme posterior. 
Tapeworms do not have a digestive tract and ab¬ 
sorb nutrients through the integument or skin. Each 
proglottid possesses male and female sex organs. 
Tapeworms vary in length from millimeters to 


meters. Their width also varies depending on the 
location on the stroblia and may range from a few 
millimeters to a centimeter. Eggs may pass indi¬ 
vidually or within detached gravid proglottids. 

Trematodes 

Trematodes are flat or leaf-like and vary in size 
from a few millimeters to several centimeters; their 
width is variable. They possess two suckers or 
ascetabula, the anterior or oral sucker and the im¬ 
perforate ventral sucker located along the median 
ventral line. The mouth is in the oral sucker and 
leads to a pharynx and two ceca (blind digestive 
tracts). Except for the schistosomes, all trematodes 
possess both male and female reproductive organs. 
They produce eggs of various sizes and shapes. 
Eggs may be embryonated when discharged from 
the human body or they may require a period of 
embryonation after they are deposited in water. 

Epidemiology 

Transmission 

Helminthic infections in humans number in the 
billions. Animal and plant life, particularly when 
eaten raw or partially cooked, serve as major 
sources for human helminthic infections. Nearly 
one half of helminthic infections are acquired from 
the ingestion of fecally contaminated soil, water, or 
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vegetation or by contact with the soil. Others are 
acquired by the ingestion of animal intermediate 
hosts containing infective stages of the parasites or 
by drinking water containing intermediate hosts. 
The life cycle and means of transmission of human 
helminthiasis is variable, depending on the species. 

Nematodes. Ascaris lumbricoides, the giant intes¬ 
tinal roundworm, 20 to 35 cm long, resides in the 
small intestine, and the eggs pass with the feces. 
The eggs reach the soil, embryonate in a few weeks, 
and become infective. The hardy egg shell offers 
good protection, and the embryonated egg can 
withstand drying and other hazardous conditions 
for very long periods depending on conditions. 
When soil or vegetation contaminated with the eggs 
is ingested, the eggs hatch in the intestines and the 
liberated larvae penetrate the mucosa and migrate 
to the liver, heart, and lungs. After a period in the 
lungs, the young worms migrate up the pulmonary 
tree, are swallowed, and grow into adults in the 
small intestine. The prepatent period is 60 to 75 days. 

Trichuris trichura or the whipworm, 30 to 55 mm 
long, lives in the large intestine, and eggs laid by 
females pass in the feces. The egg embryonates in 
the soil and is ingested with soil or contaminated 
vegetables or water. The eggs hatch in the intestine, 
and the larvae migrate down the bowel and develop 
directly into the adult stage in the large intestine. 
The prepatent period is 3 months. 

There are several hookworm species that may 
infect humans, but the most important are Ancylos- 
toma duodenale, the Old World hookworm, and Ne- 
cator americanus, the New World hookworm. Adults 
of both species are about 8 to 13 mm in length and 
inhabit the small intestine. Eggs produced by the 
female worms pass in the feces into the environ¬ 
ment. In the soil, rhabditiform larvae develop in¬ 
side the eggs. The larvae hatch out of the eggs and, 
after a few days, develop into infective filariform 
larvae that are able to penetrate human skin. A 
duodenale larvae may also penetrate buccal mucosa 
with the drinking of contaminated water. In the soil, 
the filariform larvae will climb to the highest eleva¬ 
tion on the grass and soil and congregate, a process 
called thigmotrophism, waiting to infect a victim 
through exposed feet or skin elsewhere on the body 
that contacts the contaminated area. A duodenale 
may also have a dormant stage in humans, called 
hypobiosis or arrested development, whereby the 
parasite remains in the larval stage somewhere in 
the body until it is ready to complete development. 
The larvae in the host migrate through the body to 
the lungs. After a period of further development in 
the lungs, the worms move up the respiratory pas¬ 


sages to the throat, are swallowed, and mature in 
the small intestine. The prepatent period is 4 to 5 
weeks. 

Strongyloides stercoralis, only found as females in 
the definitive host, produces thin-shelled eggs con¬ 
taining larvae. The rhabditiform larvae hatch 
quickly from the eggs, pass in the feces, and de¬ 
velop into infective-stage filariform larvae. The lar¬ 
vae, like those of the hookworm, penetrate the skin 
and migrate through the body to the lungs and, 
eventually, to the small intestine. The prepatent 
period is 1 month. The larvae usually penetrate skin 
in contact with contaminated soil, but, like A 
duodenale, the larvae may also enter the body in 
drinking water and penetrate the buccal mucosa. 
Strains of S stercoralis may have a free-living cycle 
in the soil in which both male and female worms 
develop and reproduce. Furthermore, autoinfection 
can occur with certain strains of this parasite. Lar¬ 
vae may become infective while in the host, pen¬ 
etrate the gut, and migrate throughout the body, 
particularly in the immunosuppressed. This can 
lead to massive, disseminated infections decades 
after the initial infection. 

Trichinella spiralis causes a widespread zoonotic 
parasitosis acquired by eating larva-laden muscle 
from infected pigs, wild game animals, or other 
carnivores. The meat is digested in the stomach and 
intestine; this releases the larvae, which enter the 
intestinal mucosa to mature. Adult worms reenter 
the gut and females release larvae, which enter the 
intestine wall, are picked up by the lymphatics or 
mesenteric venules, and are carried throughout the 
body to become encysted in striated muscle cells. 
The larvae remain in the musculature until eaten. 
Several other species of Trichinella have been de¬ 
scribed, 556 but Trichinella spiralis is considered the 
most important and the species that usually causes 
human infection. The other species are rarely re¬ 
ported in humans and are geographically limited. 
There are a plethora of carnivorous animal species 
scattered worldwide that serve as sources of infection. 

Other exotic worms are acquired by humans who 
eat raw or poorly cooked animal life. Gnathostoma 
spinigerum is a parasite that is associated with eat¬ 
ing raw freshwater fish and other aquatic animal 
life, especially in Southeast Asia. Adult worms are 
parasites of dogs, cats, and other carnivores; in the 
worm's life cycle, copepods are first-intermediate 
hosts and aquatic vertebrates are second-interme¬ 
diate hosts. Larvae in the tissues of the second-in¬ 
termediate host animals are released when the 
host's flesh is digested, and the larvae then migrate 
from the intestine to various parts of the body. Adult 
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worms usually locate in the stomach wall and form 
tumors in the gastric mucosa of dogs and other car¬ 
nivores. Humans are abnormal hosts in which the 
parasites do not mature. The larvae become migra¬ 
tory, wandering throughout the body, and cause 
disease. Raw or poorly cooked freshwater fish are 
the most common source of infection in humans. 

Freshwater fish are also a source of a recently rec¬ 
ognized parasite of humans, Capillaria philippinensis, 
reported primarily from the Philippines, Thailand, 
and a few other countries mostly in Asia. When 
humans eat small fish containing infective-stage 
larvae, the larvae are released after digestion of 
the fish and develop into adults in the intestine. 
Fish-eating birds are considered the natural host. If 
not treated early enough in humans, the parasito¬ 
sis can cause death. Eggs passed in the feces em- 
bryonate in soil or water; eggs are eaten by the tiny 
fish and hatch in the fish intestine. The larvae be¬ 
come infective in about 3 weeks. In bird and human 
intestines, the larvae become adults, and females 
produce eggs or larvae. The larvae can also reach 
maturity in the host's gut, leading to autoinfection 
and hyperinfection. 

Anisakiasis is another helminthiasis acquired 
from fish. Anisakis simplex is an intestinal parasite 
of marine mammals, with small marine crustaceans 
serving as the first-intermediate host and a variety 
of marine fish serving as the second-intermediate 
host. The infective larvae are usually in the mesen¬ 
teries of the fish but migrate to the muscle when 
the fish dies. Humans acquire the infection by eat¬ 
ing the fish raw in such dishes as ceviche, sashimi, 
or sushi. Larvae released from the fish muscle after 
digestion penetrate the intestinal mucosa of hu¬ 
mans, provoking eosinophilic granulomas. Most 
cases of anisakiasis are reported from Japan. 

Mollusks serve as intermediate hosts for rodent 
parasites of the genus Angiostrongylus. The rat lung- 
worm, Angiostrongylus cantonensis, is found in the 
pulmonary vessels of Rattns species. Larvae pro¬ 
duced by female worms leave the lungs, reach the 
intestine, and pass with the feces. These larvae en¬ 
ter land snails and develop into the infective stage. 
When the snails are eaten by rats, the larvae mi¬ 
grate to the brain, mature, and migrate to the pul¬ 
monary vessels. When humans eat infected snails, 
the larvae reach the brain, die, and cause an eosi¬ 
nophilic meningitis. The giant African snail, 
Achatina fnlica, and Pila species are major sources 
of infection in Southeast Asia (mostly in Taiwan and 
Thailand). Angiostrongylus costaricensis is found in 
mesenteric arteries of cotton rats ( Sigmodon species), 
and the slug Vaginulus plebeius serves as the inter¬ 


mediate host. Humans eat this tiny slug acciden¬ 
tally with vegetation, and the parasite, after being 
digested out of the slug's tissues, penetrates the gut 
and causes eosinophilic granulomas in the cecum. 
Most infections are reported from Costa Rica. 

Dracunculus medinensis, the longest nematode to 
parasitize humans, is acquired by ingesting infected 
copepods in drinking water. The larvae released 
from the arthropod as it is digested migrate through 
the tissue and usually settle in subcutaneous tissue 
in areas of the body that have contact with water. 
Female worms cause blisters to form in the skin 
through which they release larvae. The larvae are 
then taken up by the copepods. Dracunculiasis is 
endemic in African and some Middle Eastern and 
Southwest Asian countries. 

Cestodes. Tapeworms are a common source of 
foodborne helminthic infections occurring world¬ 
wide. Infections are acquired in most cases by the 
ingestion of larvae in fish, meat, or arthropods. The 
large fish tapeworm Diphylloboth rium latum is ac¬ 
quired from fish, usually salmonoids, containing the 
pleurocercoid or sparganum stage of the worm. 
When the fish is eaten, the larva emerges from the 
fish tissue and attaches to the intestinal mucosa by 
a sucking groove or bothria at the head of the worm. 
Growth occurs at the neck region and segments 
form continuously. Eggs produced pass in the fe¬ 
ces, which are deposited into water. A ciliated co- 
racidium develops in the egg, hatches, swims 
around in the water, enters a copepod, and forms 
into a procercoid larva. The copepod is eaten by the 
fish, and the procercoid larva moves into the fish 
tissue and develops into a pleurocercoid larva. 
Pleurocercoid larvae or spargana of Spirometra spe¬ 
cies, which are parasites of canines and felines, may 
infect humans. The infections become visceral larva 
migrans or sparganosis. The life cycle and means 
of transmission of these parasites are similar to the 
fish tapeworms, with copepods and a variety of 
aquatic vertebrates serving as intermediate hosts or 
sources of infection. Sparganosis results from in¬ 
gesting infected copepods or other aquatic animal 
life containing spargana or by using animal poul¬ 
tices infected with the parasite. The larvae emerge 
from the poultice and enter the body through the 
eye or wound upon which the poultice is placed. 

Taenia saginata and T solium are tapeworms ac¬ 
quired by eating beef or pork containing cysticer- 
cus larvae. The larvae are released from the meat 
during digestion and attach to the intestinal mu¬ 
cosa with suckers and hooklets. Growth occurs in 
the neck region, with the developing proglottids or 
segments reaching sexual maturity as they move 
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posteriorly. Eggs containing hexacanth embryos 
pass in the feces. The eggs are ingested by cattle 
and pigs and hatch in the intestine; the hexacanth 
then migrates to the tissues, usually muscle tissue. 
If eggs of T solium enter the intestinal tract of hu¬ 
mans, the hexacanth embryos may enter tissue and 
develop into cysticercus larvae, causing the disease 
cysticercosis. 

Other tapeworms that infect humans are the ro¬ 
dent cestodes Hymenolepsis nana and H diminuta. 
Both species are transmitted by the accidental in¬ 
gestion of arthropods (eg, beetles, fleas) infected 
with cysticeroid larvae. H nana infections may also 
be acquired by ingesting eggs, and immunity to 
infection may develop in the definitive host. Infec¬ 
tions caused by eating infected arthropods, how¬ 
ever, do not confer immunity, and eggs produced 
by the adult worms hatch in the intestines and lead 
to autoinfection and hyperinfection. 

Trematodes. There are myriad trematodes that 
infect humans. Most are foodborne and invade the 
liver, lungs, and intestines. These parasites are ac¬ 
quired by eating raw or partially cooked animal or 
plant life. Liver flukes, such as Clonorchis sinensis 
(Chinese liver flukes) in China and Korea and 
Op/sth orchis viverrini in Thailand, are acquired by 
eating freshwater fish. The metacercaria is digested 
from the fish muscle and migrates into the bile pas¬ 
sages. Eggs pass in human feces into water and are 
eaten by snails. The larvae in the snails multiply 
and release cercariae, which leave the snail, enter 
fish, and encyst in the fish musculature. In Eastern 
Europe and Russia, the cat liver fluke, O felineus, 
which also infects humans, has a similar life cycle. 

The sheep liver fluke. Fasciola hepatica, found in 
sheep- and cattle-raising countries worldwide, will 
also invade the liver of humans. The adult flukes 
live in the bile ducts, the eggs pass with feces into a 
body of water, and a ciliated miracidum is released 
that enters snails. Cercariae emerge from the snail 
and encyst on aquatic vegetation as metacercariae. 
When humans eat the vegetation uncooked, the 
metacercariae migrate through the gut wall, enter 
the peritoneal cavity, penetrate the liver capsule, 
and migrate to the bile ducts. Human infections are 
frequent in European, African, and Latin American 
countries where people eat water plants (eg, wa¬ 
tercress, water lettuce) uncooked. 

There are approximately 40 species of Paragoni- 
mus worldwide, but the most important is the lung 
fluke P westermani, which is commonly found in 
China, Japan, Korea, Taiwan, and the Philippines. 
Other species are also found in Asia, North and 
South America, and Africa, but the prevalences are 


low. The worms, usually in pairs, are present in 
cystic cavities in lung parenchyma. Eggs are passed 
with sputum, but when they are swallowed, they 
pass in feces. A miracidium hatches from the egg in 
fresh water and penetrates a certain species of snail. 
The parasite multiplies in the snail, and the released 
cercariae encyst as metacercariae in crabs and cray¬ 
fish. When humans eat these second-intermediate 
hosts raw or improperly cooked, the larvae migrate 
through the gut wall, into the peritoneal cavity, 
through the diaphragm, and into the lung tissue. 

There are also a number of intestinal flukes of 
humans, such as Fasciolopsis buski, the giant intesti¬ 
nal fluke. It is only known to occur in certain parts 
of Asia, where pigs are the usual reservoir hosts. This 
large worm resides in the intestine and produces 
eggs that pass in the feces into water. The miracidia 
from the eggs enter snails, and the released cercariae 
encyst as metacercariae on a variety of water plants 
(eg, water caltrop, water chestnuts, water bamboo, 
water lettuce). The water plants are eaten, and the 
metacercariae encyst and grow into adults in the 
intestine. 

Other intestinal flukes, such as Metagoninus 
yokogawai and Heterophyes heterophyes, are acquired 
from eating fish; Echinostoma species are acquired 
from eating fish, clams, snails, tadpoles, and other 
aquatic animal life. Most of these parasitoses are 
endemic in Asia, with sporadic reports from else¬ 
where in the world. 

Geographic Distribution and Incidence 

Human helminthic infections are found world¬ 
wide, with the highest prevalences in tropical coun¬ 
tries where sanitation is poor or nonexistent and 
the population eats food that is raw or insufficiently 
cooked. Countries in Africa, Asia, the Middle East, 
and South and Central America are considered the 
most highly endemic. Warm climates foster helm¬ 
inthic infections. Intestinal roundworms infections 
are most common in Southeast Asia and Latin 
America, while trichinosis is more common in ar¬ 
eas with a temperate climate and in the northern 
rather than in the southern hemisphere. Cestode 
infections are highly prevalent in Latin America, 
except for H nana, which is the most common tape¬ 
worm in North America. Diphylloboth rium latum in¬ 
fections are more common in temperate climates 
and are seen in populations living around the Great 
Lakes in North America and in Scandinavian coun¬ 
tries. Other diphyllobothrid species are reported 
from Japan and South America. Trematode infections 
abound in Asian countries; they are associated with 
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the habit of eating a variety of foods raw. Some 
trematode infections are common in Eastern Europe 
and in sheep-raising countries. Exotic parasitoses 
such as capillariasis, angiostrongyliasis, anisakiasis, 
and gnathostomiasis are also associated with eat¬ 
ing raw freshwater and marine fish, snails, tadpoles, 
aquatic vegetation, and other aquatic life in South¬ 
east Asia. 

Pathogenesis and Clinical Findings 

Helminths have intricate life cycles, and pathol¬ 
ogy is associated with their migratory pathways 
and final habitat in the host. Most humans have few 
worms and are free of disease, but there are occa¬ 
sions when there are massive infections and severe 
illness develops. It is usually the zoonotic parasites 
that cause serious disease. Most worms are commen¬ 
sals, but they can cause disease by (a) competing 
for essential nutrients, ( b ) obstructing, blocking, or 
perforating the intestinal tract or biliary tree, (c) 
sucking blood, ( d ) inducing inflammation and 
malabsorptive changes in the gut, and (e) inducing 
hypersensitivity reactions, usually caused by mi¬ 
grating larvae that secrete and excrete antigens that 
induce antibodies and cellular immune responses. 
In reinfection, host antibodies and memory cells 
respond and may affect the development of new 
infections. 557 Eosinophilia and pneumonitis are 
common, especially in helminthic infections with 
migrating larvae. Symptoms include abdominal 
pain and diarrhea, as well as malabsorption, iron 
deficiency anemia, and protein-losing enteropathy. 

Nematodes 

Intestinal infections involving Ascaris lumbri- 
coides may cause allergic manifestations, gut ob¬ 
struction, intussusception, blockage of bile ducts 
and cholangitis, perforation of the gut, and erratic 
ascariasis (worms passing out the nose, mouth, 
anus, or umbilicus). 

Trichinella trichuria worms, especially in heavy 
infections, may affect intestinal integrity by bury¬ 
ing their anterior ends in the mucosa, causing the 
bowel to appear villose. Sufficient edema develops 
to cause obstruction, and straining at defecation 
causes rectal prolapse. Whipworms are also known 
to suck blood, but the amount of blood loss is small. 

Adult hookworms bite into the mucosa of the 
small intestine and suck blood. Large numbers of 
worms feeding at the same time may lead to iron 
deficiency anemia. Hookworm disease potentiates 
the effects of other intestinal parasitoses and con¬ 


tributes to malnutrition. There may be minor gut 
lesions with hemorrhage. The blood loss, depend¬ 
ing on the species, is estimated to be 0.03 to 0.3 pL 
per day per worm. Larvae migrating through the 
lungs may cause pneumonitis. Larvae penetrating 
the skin may permit secondary bacterial infection, 
and hookworm larvae that are parasites of other 
animals, such as dog hookworms, may cause cuta¬ 
neous larva migrans in humans (Figure 37-5). 

Adult female S stercoralis worms buried in the 
mucosa of the small intestine damage the absorp¬ 
tive surface, causing chronic enteritis and sprue-like 
enteropathy, malabsorption, weight loss, and diar¬ 
rhea. Hypersensitivity develops in some persons, 
and larvae may cause urticarial eruptions, larva 
currens, pneumonitis, and eosinophilia. Autoinfec¬ 
tion in immunocompromised persons often leads 
to hyperinfections, disseminated strongyloidiasis, 
and death. In these individuals, the parasites may 
be present in undetectable levels for years, but when 
the host becomes immunosuppressed, the parasite 
multiplies rapidly. In many cases the sputum may 
contain rhabditiform larvae, indicating adult fe¬ 
males in the lungs. The larvae spread to the liver, 
heart, adrenals, kidneys, and central nervous sys¬ 
tem (CNS). Persons with human t-cell lympho- 
trophic virus type I (HTLV-I) are highly susceptible 
to strongyloidiasis. 

When muscle from an animal infected with Tri¬ 
chinella spiralis is eaten, the larvae enter the intesti¬ 
nal mucosa and cause a transitory enteritis and 



Fig. 37-5. This is an example of creeping eruption. Note 
the tract made by a migrating larva of dog hookworm on 
the thigh of family member of an American service mem¬ 
ber. She was sun bathing on a beach in Taiwan. 
Photograph: Courtesy of Dr. John H Cross, Uniformed 
Services University of the Health Sciences. 
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malabsorption. Adults in the intestine reproduce, 
and the larvae migrate throughout the body to stri¬ 
ated muscle. Once in the muscle, the larvae enter a 
cell, eventually die, and become calcified. Ty- 
phoidal-like symptoms occur early in the infections, 
and when the larvae are migrating, eosinophilia, 
muscle soreness and pain, and periorbital edema 
result. Cell destruction may cause acute inflamma¬ 
tory changes and an interstitial myocarditis. 
Trapped larvae in the lungs are known to precipi¬ 
tate edema, focal hemorrhage, and eosinophilia. 

Gnathostoma larvae migrate to various parts of 
the human body. Larvae in subcutaneous tissues 
may cause transient, warm, erythematous swelling 
or migrate through the tissues, producing serpin- 
genous tracts. The wandering larvae may also en¬ 
ter the eye and CNS, causing death. Eosinophilic 
neuritis, meningitis, and encephalitis may develop. 
In the eye, the infection may result in uveitis, hem¬ 
orrhage, retinal detachment, and blindness. 

Abdominal pain, diarrhea, and borborygmy are 
characteristic of infections with Capillaria philip- 
pinensis. Intestinal capillariasis as a result of auto¬ 
infection and hyperinfection causes malabsorption, 
protein-losing enteropathy, electrolyte imbalance, 
weight loss, wasting, and death. Thousands of C 
philippinensis organisms in all stages are present in 
the small intestine. 558 The parasite does not become 
disseminated but remains in the small intestine. The 
electrolyte imbalance and other physiological 
changes are responsible for pathological damage in 
other organs. 

Anisakid nematode larvae, upon entering the 
human gastrointestinal tract, attempt to penetrate 
the mucosa and cause an eosinophilic granuloma. 
In addition, protease secretions from the worms can 
cause tunnels in the gastric mucosa. The larval 
worms are also known to enter the peritoneal cav¬ 
ity and other organs. Symptoms of an acute abdo¬ 
men are produced by anisakid infections. In some 
species, the larvae remain in the throat and cause a 
condition termed "tickle throat." 

Angiostrongylus cantonensis larvae in humans reach 
the CNS and cause an eosinophilic meningitis or 
eosinophilic meningoencephalitis. Dead worms rather 
than living ones are thought to cause disease. 
Eosinophilic pleocytosis is common. The larvae may 
also enter eyes and cause blindness. Angiostrongylus 
costaricensis larvae are responsible for abdominal 
angiostrongyliasis. The larvae enter the mesenteric 
blood vessels, causing a granulomatous inflammation 
in the intestinal wall and obstruction. 

Dracunculus larvae migrate throughout the tissue, 
and in approximately 1 year adult females provoke 


the formation of a vesicle in the skin. Allergic mani¬ 
festations result from toxic secretions from the 
worm and a painful, burning sensation occurs. 
When an infected area is immersed in water, the 
vesicle breaks and larvae emerge from the uterus 
of the female worm and escape into the water. Sec¬ 
ondary bacterial infections can also occur. 

Cestodes 

Cestodes that inhabit the intestinal tract usually 
cause little pathology. Taenid scolices may cause 
some inflammation at sites of attachment in the 
mucosa, but the parasites have little other effect 
except competing with the host for food. Diphyllo- 
both rium latum, on the other hand, competes with 
the host for vitamin B p which may result in mega¬ 
loblastic anemia. Spargana of diphyllobothrids that 
infect a variety of mammals, especially of dogs and 
cats ( Spirometra species), may invade tissues of hu¬ 
mans who ingest copepods, eat infected intermedi¬ 
ate hosts, or use animal poultices. The spargana 
migrate, causing larval migrans and disease to the 
invaded organs. Spargana have been found in tran¬ 
sient erythematous swellings in many parts of the 
body and in eyes of Asians who used incised frog 
abdomens as a poultice. Infections caused by Tae¬ 
nia saginata, H nana, or H diminuta usually cause 
little pathology. 

Cysticercosis occurs in humans who ingested 
eggs of T solium. The egg hatches in the intestine 
and the hexacanth embryo migrates to tissues and 
develops into a cysticercus. Brain, heart, muscle, 
and skin are preferred locations. Palpable nodules 
can be found in the skin, and in such cases there is 
usually CNS involvement. Cysticercosis involving 
the CNS will provoke symptoms of epilepsy. The 
cysticercus may degenerate, causing granulomas, 
calcification, and neurologic symptoms in the CNS. 

Trematodes 

Trematode infections are acquired with the in¬ 
gestion of plant or animal life harboring the infec¬ 
tive stage (metacercaria) of the parasite. There is 
usually little pathology associated with infections, 
except when a large number of worms are involved. 

Opisthochid species, such as O viverrini, O 
felineus, and Clonorchis sinensis, are acquired by eat¬ 
ing raw freshwater fish. After being released from 
the fish muscle following digestion, the larvae mi¬ 
grate up the bile duct and may cause jaundice, epi¬ 
gastric pain, diarrhea, and eosinophilia. Long-term 
infection causes chronic cholanigitis, liver damage. 
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and gallstones. In endemic areas, the parasitosis is 
considered carcinogenic and is responsible for a 
high frequency of cholangiocarcinoma. Increased 
endogenous production of N-nitrosodimethylamine 
and N-nitrosodiisopropanolamine or hepatic activa¬ 
tion of dietary carcinogens, plus chronic hyperplasia 
of the bile duct epithelium, may enhance suscepti¬ 
bility to cancer. 559 

There are several trematodes that inhabit the 
hepatobiliary system. The sheep liver fluke ( Fasciola 
hepatica) damages the liver parenchyma while migrat¬ 
ing through liver tissue to the bile ducts and causing 
hepatomegaly, necrosis, and hemorrhage along the 
migratory tracts. Adult worms in the bile ducts cause 
dilatation, inflammation, thickening of the walls, and 
obstruction. Extensive fibrotic changes in the bile 
ducts seem to be mostly caused by the large amount 
of proline produced by the adult worms. 560 

The normal habitat of the Asian lung fluke, Para- 
gonimus westermani, is the lung, where cystic and 
inflammatory lesions develop. Lung infections are 
often misdiagnosed as tuberculosis because of he¬ 
moptysis and other pulmonary symptoms (eg, 
cough, bronchiectasis). Other organs, such as the 
brain and abdominal cavity, are occasionally in¬ 
vaded by the parasite. Paragonimus infections may 
cause symptoms of fever, cough, dyspnea, chest 
pain, and hemoptysis. Cerebral paragonimiasis 
simulates brain tumors, Jacksonian-like seizures, 
epilepsy, or meningitis. 

Intestinal flukes such as Fasciolopsis buski are large 
and may cause intestinal obstruction and toxemia re¬ 
sulting in fascial paralysis and periorbital edema. 
Death is rare but does occur. Heterophyids, such as 
Metagonimus species and Heterophyes species, are small 
flukes that are also relatively short-lived. They live 
attached to the wall of the small intestine and cause 
disease by releasing tiny eggs that are picked up by 
the lymphatics and are carried to ectopic locations 
such as the brain, spinal cord, and heart. Large num¬ 
bers of adults may cause diarrhea, nausea, and vague 
abdominal complaints. There are many other species 
of tiny flukes that inhabit the intestines of those who 
eat raw or undercooked vegetables, fish, and meat, 
particularly in Asia; these usually cause little disease, 
however. Echinostome infections are common 
throughout Asia, but they are short lasting and cause 
little disease. 

Diagnostic Approaches 

Most intestinal parasitic helminthiasis can be 
diagnosed under field conditions provided that 
standard field laboratory conditions, equipment, 
and supplies (eg, microscope, slides, cover glasses. 


laboratory reagents) are available. Tissue helmin¬ 
thic infections diagnosed by biopsy or serologic 
methods require more sophisticated conditions, 
however. Direct and concentration methods can also 
be used if the equipment and supplies are available. 
Rapid dipstick enzyme-linked immunosorbent as¬ 
say tests are under development that will have field 
applicability. 

Intestinal parasitic infection may be diagnosed 
by examining the feces for eggs, larvae, or adult 
stages of the parasites. New techniques for detect¬ 
ing antigens and DNA by polymerase chain reac¬ 
tion may be used in the future. The definitive diag¬ 
nosis, however, is by detecting the parasite or its 
products. Manuals on the laboratory diagnosis of 
parasitic diseases are available. 561,562 The parasito¬ 
logic diagnosis is made by gross examination of the 
fecal specimen for large worms or the microscopic 
examination for eggs, larvae, and adults. Since some 
parasites produce eggs cyclically, eggs may not be 
present all the time. Therefore, multiple stools 
(seven stools over 10 days) should be examined if 
parasites are suspected. A small sample of stool may 
be placed onto a slide, a drop of saline or iodine 
solution added, and the mixture covered with a 
cover-glass and examined under a microscope. 
Stools can also be examined after concentration by 
sedimentation, formalin-ethyl-acetate, or zinc 
sulfate flotations. Microscopic examination is sat¬ 
isfactory for ascariasis, hookworm infections, tri¬ 
churiasis, strongyloidiasis, intestinal capillariasis, 
and cestode and trematode infections. Culture 
methods such as the Harada-Mori filter paper-tube 
technique may be used to recover larvae of hookworm 
and S stercoralis. Placing stool into agar and observ¬ 
ing larval tracts may also be used to isolate larvae 
of S stercoralis. Biopsied tissue can be examined his¬ 
tologically or pressed between two microscope 
slides and examined microscopically for evidence 
of trichinosis, cysticercosis, or sparganosis. Diag¬ 
nosis of other tissue parasitoses can be presumptive, 
based on symptoms, or by serologic methods for 
angio-strongyliasis, gnathostomiasis, trichinosis, 
cysticercosis, sparganosis, disseminated strongy¬ 
loidiasis, paragonimiasis, and liver fluke infections. 

Recommendations for Therapy and Control 

Therapy 

Helminthic infections are commonly asymptom¬ 
atic and simply require specific anthelmintic treat¬ 
ments. Some infections require antidiarrheal drugs 
and fluid replacement (eg, intestinal capillariasis), 
and some specific infections require symptomatic 
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treatment with immunosuppressants (eg, steroids 
for trichinosis). Hookworm diseases may require 
blood transfusions and ferrous sulfate followed by 
an anthelmintic. Antipyretics are recommended 
where fever is encountered (eg, paragonimiasis) and 
analgesics when pain is involved (eg, dracunculia- 
sis). Vitamin B p and folic acid may be given after 
the expulsion of Diphylloboth rium latum. 

A number of anthelmintics are available to treat 
intestinal nematode infections. 563 Mebendazole (100 
mg twice a day for 3 days or 500 mg once) or 
albendazole (400 mg once) are effective against as- 
cariasis, trichuriasis, and hookworm; pyrantel 
pamoate (11 mg/kg once) is effective against ascari- 
asis and hookworm. Thiabendazole (50 mg /kg per 
day in divided doses for 2 days), ivermectin (an 
investigational drug in the United States, 200 pig/ 
kg per day for 1 to 2 days) or albendazole (200 mg 
twice a day for 3 days) are effective against strongy¬ 
loidiasis. Gnathostome infections can be treated 
surgically or by the use of albendazole (400 mg once 
or twice daily for 21 days). 564 Mebendazole (200 mg 
twice a day for 20 days) or albendazole (200 mg 
twice a day for 10 days) is recommended for intes¬ 
tinal capillariasis. Anisakid nematodes are removed 
surgically or by endoscopy. Angiostrongyliasis has 
been treated in children with mebendazole (100 mg 
twice a day for 5 days) or thiabendazole (75 mg/kg 
per day in 3 doses for 3 days). Some authorities, 
however, do not recommend using anthelmintics for 
angiostrongyliasis because the disease is self-limiting 
and killing massive numbers of worms at one time 
may cause more pathology than if worms die off 
gradually. Dracunculiasis may be treated with met¬ 
ronidazole (250 mg three times a day for 10 days). 

Most cases of trematodiasis respond to prazi¬ 
quantel (60-75 mg /kg per day in 3 doses for 1 to 2 
days). The only drug presently available that is ef¬ 
fective against fascioliasis, however, is triclaben- 
dazole (10 mg once). 560 Bithionol, once used for the 
treatment of fascioliasis, is no longer available. 
Praziquantel (5-10 mg/kg once) may be used to 
treat intestinal pork and beef tapeworms, as well 
as the fish tapeworm (ie, Diphylloboth rium latum). 
Cysticercosis has been known to respond to 
praziquantel (50 mg /kg per day in 3 doses for 15 
days) or albendazole (400 mg twice a day for 8 to 
30 days). Sparganosis is usually treated surgically 
or with praziquantel (60-75 mg /kg for 2 days). 

Control 

Helminthic infection prevalences are highest in 
areas where indiscriminate defecation and poor 
sanitation practices persist. When populations dis¬ 


pose of feces under sanitary conditions, most in¬ 
testinal parasitic infections decrease and eventually 
disappear. South Korea, once highly endemic for 
intestinal helminthiasis, has nearly eradicated the 
worms through mass treatments, sanitary disposal 
of feces, and education. 565 Investigations into envi¬ 
ronmental sources of infection should be conducted. 
Military personnel under field conditions in en¬ 
demic countries should avoid areas where human 
and animal feces have contaminated the soil. Sani¬ 
tary latrines should be constructed for the military 
and even civilians where toilet facilities are absent. 
Fresh vegetables and fruits should be avoided if 
they have been fertilized with human feces (night 
soil) unless the produce has been cooked thor¬ 
oughly and the fruits have been washed with safe 
water and peeled. Fecally contaminated water may 
contain helminth eggs and should not be consumed 
unless boiled or filtered; chemical purification has 
little effect on helminth eggs. Some species of hook¬ 
worm larvae may be acquired in water, and copep- 
ods in water may be infected with Dracunculus or 
tapeworm larvae. Those living next to bodies of wa¬ 
ter should not use the water as latrines. Fresh sewage 
should not be dumped into the water unless treated 
first to destroy parasites and other pathogens. Para¬ 
sites and vectors can be eliminated from water by 
boiling or passing water through fine-mesh filters, 
especially to remove copepods. Wearing shoes will 
protect the feet from skin-penetrating hookworm and 
S stercoralis larvae. 

An abundance of helminthic infections are ac¬ 
quired from food. These diseases can be controlled 
by thoroughly cooking all meats. Pork should al¬ 
ways be cooked well to prevent trichinosis; pork, 
beef, and fish should be cooked completely to pre¬ 
vent tapeworm infections. Dry cereals often contain 
beetles that serve as intermediate hosts for hymen- 
olepid tapeworm infections; the cereal should not 
be eaten uncooked, if at all. There are many exotic 
parasitoses acquired from wild animals, which 
should never be eaten raw, especially fish, snails, 
other aquatic animal life, and carnivores. Domestic 
and wild animal pets should be examined and pe¬ 
riodically treated for helminthic infections. Pet fe¬ 
ces, especially from dogs, cats, and even raccoons 
and skunks, should be buried or burned and not 
permitted to lie on the ground. Eggs from Toxocara 
species (from dogs and cats) and Baylisascaris 
procyonis (from raccoons), when eaten by humans, 
can cause visceral larva migrans. Aquatic plants and 
nuts should also be eaten well cooked. Irradiation 
has been shown to be an excellent tool that steril¬ 
izes infected foods, but obtaining public support for 
the use of this potential disease prevention tech- 
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nique has been a problem. 566 At present this tech¬ 
nology is not applicable to the field. 

Indigenous populations and deployed military 
personnel should be educated to the dangers of 
helminthic parasites endemic to the area. Paragon¬ 
imiasis and fasciolopsiasis have been nearly eradi¬ 
cated from Taiwan because children were taught in 


school not to eat crabs and water plants raw. 567 
When children are educated about parasitic diseases 
in school, they often return home and tell their par¬ 
ents, who in turn become aware of the problems. 
Using television, radio, and other public relations 
avenues is a valuable means to educate populations. 

[John H. Cross] 


SCHISTOSOMIASIS 


Introduction and Military Relevance 

Schistosomiasis (also known as bilharziasis, snail 
fever, and Katayama fever) is a parasitic disease in 
tropical and semitropical regions. It requires am¬ 
phibious or freshwater snails as intermediate hosts 
for development of the larval forms that can infect 
humans. It is a disease complex, with multiple eco¬ 
logical agents, that has mission-aborting potential. 
A basic understanding of its epidemiology, pathogen¬ 
esis, clinical presentation, diagnosis, treatment, pre¬ 
vention, and control is crucial to military medicine. 

Schistosomiasis has been implicated as a factor in 
military operations since biblical times. 568 In World 
War II, the US Army hospitalized 2,088 patients with 
schistosomiasis. The average number of days lost per 
admission was 159, resulting in 124,192 days lost to 
commanders. 569 During the reinvasion of Leyte alone, 
1,500 cases were reported in US troops. 570 

In late 1949, a massive outbreak of acute schisto¬ 
somiasis in soldiers from the People's Republic of 
China, who were training for an amphibious inva¬ 
sion of Taiwan in early 1950, resulted in an estimated 
30,000 to 50,000 medical casualties. The impact of 
those casualties delayed the planned invasion of 
Taiwan for 6 critical months, 571 long enough for the 
US 7th Fleet to establish a Taiwan Defense Com¬ 
mand and provide routine naval patrols through the 
Strait of Formosa. 

The impact of schistosomiasis on a military op¬ 
eration comes from its acute syndrome, which can 
occur as early as 2 to 4 weeks after exposure. If left 
untreated, infected service members can be nonef¬ 
fective for weeks to months, depending on the spe¬ 
cies of schistosome involved and the intensity of 
the infection. 

Description of the Pathogen 
Microbiology 

Schistosomes are parasitic flatworms found in the 
blood vessels of vertebrates. They are unique among 


the trematodes for having separate sexes. More than 
15 species have been reported in humans; however, 
the major agents of human infections are Schistosoma 
mansoni, S haematobium, and S japonicum. 572 Three other 
species (S intercalation, S mekongi, and S malayensis) 
are responsible for human disease in geographically 
limited areas of Africa and Asia. 573 Other schistosomes 



Fig. 37-6. Some fork-tailed (furcocercous) cercariae found 
in freshwater and amphibious mollusks: (a) strigeid cer- 
caria, (b) human-infecting schistosome cercaria, (c) cer- 
caria of Schistosomatium douthitti, (d) cercaria of a bird 
schistosome, and (e) cercaria of spirorchid trematode 
from turtles. 

Reprinted with permission from: World Health Organi¬ 
zation. Snail Control in the Prevention of Bilharziasis. 
Geneva: WHO; 1965: 193. 


1060 





















Diseases Transmitted by Food, Water, and Soil 



Fig. 37-7. Common types of cercariae found in freshwa¬ 
ter and amphibious mollusks that should be distin¬ 
guished from fucocercous cercariae: (a) gymnophallid, 
(b) monstome, (c) amphistome, (d) echinostome, (e) 
pleurolophocercous, (f) xiphidiocercaria, (g) microcercous, 
and (h) gasterotome. 

Reprinted with permission from: World Health Organi¬ 
zation. Snail Control in the Prevention of Bilharziasis. 
Geneva: WHO; 1965: 193. 

found in humans are zoophilic, and humans are 
incidental hosts. Human Schistosomiasis, 574 published 
in 1993, is the most recent comprehensive source of 
information on this disease complex. 

The cercariae, or larval forms, of the schistosomes 
that infect humans have a fork-tail, a characteristic 
that distinguishes them from most cercariae (Fig¬ 
ure 37-6). In addition, schistosome cercariae lack 
other common surface features of many other types 
of cercariae (Figure 37-7), such as a stylet (see Fig¬ 
ure 37-7e,f) or rings of spines (see Figure 37-7d) in 
the oral sucker region. Schistosome cercariae can 
be distinguished from other fork-tail cercariae by 
two characteristics: a lack of eye spots in the ante¬ 
rior half of the body and a ratio of the length of the 
forks of the tail to the total tail length of approxi¬ 
mately 1:2. 575 


Life Cycle 

Schistosomiasis is acquired from free-swimming 
cercariae, which are released from snails (Figure 37- 
8). The cercariae seek out and penetrate human skin, 
metamorphose to the schistosomula stage, and pen¬ 
etrate into veins; they are then carried passively to 
the lungs. In the lungs, they elongate into slender 
organisms that can negotiate the capillaries lead¬ 
ing to the systemic circulatory system. Larval schis¬ 
tosomes must enter the mesenteric arteries, their 
capillaries, and then the hepatic portal veins to 
reach the liver, where they mature into adults and 
mate. The male then transports the female to a 
branch of the superior mesenteric veins of the in¬ 
testine or to the veins associated with the urinary 
bladder, where egg laying commences. Pairs of 
schistosomes produce hundreds to thousands of 
eggs per day, depending on the species. Adults of S 
mansoni, S japonicum, S mekongi, and S intercalatingi 
usually migrate to the superior mesenteric veins. S 
haematobium adults usually migrate into the vascu- 
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Fig. 37-8. Adult worms mature and mate in the liver. 
Males carry females to veins and capillaries of the bowel 
or bladder where eggs are deposited. Less than 50% of 
eggs deposited in capillaries reach the lumen of the in¬ 
testine or bladder and are viable when passed in feces. 
Most are encapsulated by the host reactions, die, and 
contribute to pathology associated with chronic disease 
in either liver and intestine or urinary systems. 
Drawing by Annabelle Wright, Walter Reed Army Insti¬ 
tute of Research; research by Amelia Pousson. 
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lature surrounding the urinary bladder. In either 
location, eggs are released in small venules. Some eggs 
escape into the lumen of the intestine or urinary blad¬ 
der and are voided in feces or urine. Those that do 
not escape (usually more than 50%) are trapped in 
tissues and become the focus of the host's immuno¬ 
logical responses; this accounts for much of the pa¬ 
thology associated with chronic schistosomiasis. 

The first free-living stage, the miracidium, 
hatches from the egg in a freshwater environment, 
then seeks out and penetrates a snail. In the snail, 
it undergoes a series of asexual (sporocyst) genera¬ 
tions. Each miracidium that establishes a patent 
infection in a snail produces thousands of cercariae. 
The cercariae are the second free-living stage; more 
importantly, they are the infective stage for humans. 

Epidemiology 

Transmission 

Transmission requires three factors: freshwater, 
infected snails, and susceptible mammalian hosts. 
The most limiting of these factors is the distribu¬ 
tion of the snail that serves as the intermediate host. 
S haematobium is principally transmitted through 
aquatic Bulinus species (Figure 37-9), S mansoni 
through aquatic Biomphalaria species (Figure 37-10), 
and S japonicum through amphibious Oncomelania 
species (Figure 37-11). Neotricula aperta is the interme¬ 
diate host of S mekongi, S malayensis is transmitted 
through Robertsiella species, 576 and S intercalation is 
transmitted through Bulinus species. 573 In Asia, where 
schistosomiasis is a true zoonosis, infections in other 
mammalian hosts and the vector snails maintain sig¬ 
nificant transmission potential even in the absence of 
human populations. Sources of malacological exper¬ 
tise are identified in Snail Hosts of Schistosomiasis and 
Other Snail-transmitted Diseases in Tropical America: A 
Manual 577 and Medical and Economic Malacology 575 

All military personnel who enter freshwater habi¬ 
tats in an endemic area are at risk of contracting schis¬ 
tosomiasis. The transmission potential of an area is 
directly related to the density of the molluscan host 
population and the infection rate in that population. 
In endemic areas, a 2% infection rate in the mollus¬ 
can host population can maintain a more than 50% 
infection rate in the indigenous human population. 
The transmission potential of an area can be as¬ 
sessed by sampling suspected molluscan hosts and 
examining them for the cercarial stage using either 
photo-stimulation or crushing techniques. 575,577 When 
handling snails, forceps and rubber or latex gloves 
should be used, and 70% alcohol should be available 



Fig. 37-9. Illustrations of shells of the intermediate hosts 
of Schistosoma: (a) Bulinus (Physopsis) africanus from 
Kenya, ( b ) B (Phys) nasutus from Tanganyika, (c) B (Phys) 
globosus from Angola, ( d) B (Phys) abyssinicus from So¬ 
malia, (e) B (Bulinus) truncatus from Egypt, (f) B (B) 
forskalii from Sudan, (g) B (B) senegalensis from Gambia, 
and (h) Ferrissia tenuis from India. 

Reprinted with permission from: World Health Organi¬ 
zation. Snail Control in the Prevention of Bilharziasis. 
Geneva: WHO; 1965: 19. 


to immediately disinfect any accidentally exposed skin. 

Outbreaks of "swimmer's itch" or "clam digger's 
itch" are due to avian or mammalian schistosomes 
that are transmitted through local freshwater, am¬ 
phibious, or estuarine snails. These zoophilic schis¬ 
tosomes are able to penetrate human skin but are 
unable to develop to maturity. Transmission is usu¬ 
ally seasonal along the shores of freshwater lakes 
and estuarine waterways in temperate climates with 
peaks in the spring or early summer, but in tropical 
regions transmission can occur throughout the year. 
Sources of expertise identified in references 8 and 
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Fig. 37-10. Illustrations of shells of the intermediate hosts 
of Schistosoma mansoni: (a) Biomphalaria glabratus from 
Brazil, ( b) B straminea from Brazil, (c) B sudanica from 
Uganda, ( d) B pfeifferi from Rhodesia (now Zimbabwe), 
and (e) B alexandria from Egypt. 

Reprinted with permission from: World Health Organi¬ 
zation. Snail Control in the Prevention of Bilharziasis. 
Geneva: WHO; 1965: 18. 


10 will be helpful in determining the identity of both 
animal schistosomes and their molluscan hosts. 

Geographic Distribution 

Schistosomiasis is endemic in 74 countries and 
territories 573 (Figures 37-12 and 37-13). S haematobium 
is found in 54 countries in Africa, the islands off 
the west coast of Africa, and the eastern Mediterra¬ 
nean region; S mansoni occurs in 52 countries and 
territories in South America, the Caribbean islands, 
Africa, Madagascar, and the eastern Mediterranean 
region; S intercalation is present in at least five coun¬ 



Fig. 37-11. Shells of snail hosts of oriental schistosomes: 
(a) Oncomelania hupensis from China, (b) O nosophora from 
Japan, (c) O fortrwsana from Taiwan, (d) O hupensis chilli 
from Taiwan, (e) O quadrasi from the Philippines, (f) O 
lindoensis from Indonesia, (g) Neotricula aperta alpha race 
from Thailand, (h) N aperta beta race from Thailand, (i) 
N aperta gamma race from Thailand, (j) Tricula bollingi 
from Thailand, and (k) Robertsiella kaporensis from Ma¬ 
laysia. 

Reprinted with permission from: Sobhon P, Upatham ES. 
Snail Hosts, Life Cycle, and Tegumental Structure of Orien¬ 
tal Schistosomes. Geneva: United Nations Development 
Programme/World Bank/World Health Organization, 
Special Programme for Research and Training in Tropi¬ 
cal Diseases; 1990: 20. 


tries in western and central Africa (Cameroon, 
Equatorial Guinea, Gabon, Sao Tome and Principe, 
and Zaire); and S japonicum has been reported from 
Japan, Taiwan, China, the Philippines, Indonesia, 
and Thailand. (However, S japonicum is no longer 
considered endemic in Japan, the strain of S 
japonicum in Taiwan is zoophilic, 578 and the strain 
originally reported from peninsular Thailand 57 "' is 
now considered to be S mekongi. 576 ) S mekongi has 
been reported from the Mekong River delta in Cam¬ 
bodia, Laos, and Thailand, and the distribution of 
S malayensis is limited to peninsular Malaysia. 573 

Prevalence 

The most comprehensive summary of distribu¬ 
tion and prevalence of schistosomiasis, based on 
data collected in the mid-1980s, is found in the At¬ 
las of the Global Distribution of Schistosomiasis. 572 The 
World Health Organization 573 estimates that 600 mil¬ 
lion persons are exposed and 200 million persons 
are infected with schistosomiasis, but rates of in¬ 
fection vary considerably in any endemic area. Most 
cases have few symptoms, while a small, heavily 
infected cohort demonstrates severe disease. Where 
programs emphasizing morbidity control have been 
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Fig. 37-12. Global distribution 
of schistsosomiasis caused by 
Schistosoma haematobium, S 
japonicum, and S mekongi. 
Reprinted with permission 
from: World Health Organi¬ 
zation Expert Committee. The 
Control of Schistosomiasis. 
Geneva: WHO; 1993:16. WHO 
Technical Report Series 830. 




S. mansoni 
I S. intercalation 


Fig. 37-13. Global distribution 
of schistosomiasis caused by 
Schistosoma mansoni and S 
intercalatum. 

Reprinted with permission 
from: World Health Organi¬ 
zation Expert Committee. 
The Control of Schistosomiasis: 
Geneva: WHO; 1993: 17. 
WHO Technical Report Series 
830. 


initiated and sustained, prevalence rates and, more 
importantly, the morbidity associated with worm 
burdens have been greatly reduced. 

Pathogenesis and Clinical Findings 

Cercarial Dermatitis 

The initial exposure to cercariae of a schistosome 
that infects humans produces a transient dermati¬ 
tis, particularly in nonindigenous populations, that 
is difficult to distinguish from other forms of der¬ 
matitis. However, a recent history of water contact, 
itching between 12 and 24 hours after exposure, and 


distribution of papular or blistering lesions only on 
parts of the body that were immersed in water 
should suggest schistosome dermatitis in an en¬ 
demic region. 580,581 Dermatitis (Figure 37-14) is more 
commonly seen after exposure to S haematobium and 
S mansoni than after exposure to S japonicum. 582 

The dermal reactions to zoophilic species of 
schistosomes are similar to those of the anthropo- 
philic species but are usually more severe and are 
especially severe in individuals sensitized by pre¬ 
vious exposures. Itching at the site of entry is com¬ 
mon and is followed by a short-lived macular rash. 
Within 24 hours, pruritic, urticarial, or papular 
eruptions appear that can last a week or longer. 583,584 
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Fig. 37-14. Cercarial dermatitis. Note the typical distri¬ 
bution of lesions around the ankle, which was exposed 
to schistosome cercariae. 

Photograph: Courtesy of Colonel Llewellyn J. Legters, 
Medical Corps, US Army (ret). 


Acute Disease 

Acute schistosomiasis is the result initially of 
immune responses to antigens of developing worms 
and subsequently of the formation of immune com¬ 
plexes to eggs released by sexually mature fe¬ 
males. 581,585 The syndrome is usually reported after 
an initial heavy infection with any of the major an- 
thropophilic species. 582 Although symptoms are 
similar regardless of the species of schistosome in¬ 
fecting humans, the intensity of the syndrome var¬ 
ies in proportion to the number of pairs of worms 
present and to the number of eggs produced. Fe¬ 
males of S japonicum produce one egg per minute, 
of S mansoni one egg every 5 minutes, and of S 
haematobium one egg every 10 minutes. 586 Thus, it is 
not surprising that the acute syndrome is most se¬ 
vere in cases of S japonicum infection and least se¬ 
vere in cases of S haematobium infection. 

Central nervous system manifestations are fre¬ 
quently reported in acute cases caused by S 
japonicum; they also occur, however, in acute cases 
caused by S haematobium and S mansoni. Most cases 
of acute cerebral schistosomiasis are caused by S 
japonicum, and most cases of schistosomal trans¬ 
verse myelitis are caused by S mansoni. 578,587,588 There 
were two case reports in 1992 of acute schistoso¬ 
miasis caused by S haematobium involving the cen¬ 
tral nervous system in two Peace Corps volunteers: 
a 30-year-old exposed while swimming in Lake 
Malawi approximately 3 months before evaluation 
at a US medical center was diagnosed with acute 
cerebral schistosomiasis and a 26-year-old who had 
snorkeled in Lake Malawi a month before onset of 


symptoms was diagnosed with acute (transverse) 
myelitis. 589 

Acute schistosomiasis resembles serum sickness 
or an allergic syndrome, which is initially mediated 
by immediate and delayed-type hypersenstivity to 
cercarial and larval antigens. There is an abrupt 
onset of fever (usually late in the evening or at 
night), chills, abdominal pain followed by cough¬ 
ing, sweating, diarrhea, vomiting, headache, urti¬ 
caria, hepatosplenomegaly, lymphadenopathy, and 
often marked elevations of IgE and IgG levels and 
eosinophil counts. 578,582 ' 590 ' 591 The more severe mani¬ 
festations occur when egg production starts and 
large numbers of schistosome eggs are released. 581 
This usually occurs 4 to 6 weeks after exposure in S 
haematobium infections, 590 2 to 12 weeks after expo¬ 
sure in S japonicum infections, 578 and 3 to 9 weeks 
after exposure in S mansoni infections. 586 Gas¬ 
trointestinal disturbances and recurrent diarrhea 
with mucoid and bloody stools are common features 
in the late stage of acute disease in its intestinal 
forms, 578,591 while hematuria is a common feature in 
the late stage of acute urinary schistosomiasis. 582,590 

In Chinese hospitals, before praziquantel (the 
current treatment of choice) was available, the mor¬ 
tality related to acute schistosomiasis varied from 
2% to 20%. In the Orient, acute schistosomiasis 
(Katayama fever) has been observed in chronically 
infected persons and persons with documented 
cures after they have been exposed to many cer¬ 
cariae in a brief period. 578 In Egypt, acute schisto¬ 
somiasis caused by S haematobium or S mansoni is 
not commonly diagnosed in rural populations of 
endemic areas, but it is frequently diagnosed in 
urban children visiting relatives in rural areas for 
the first time. 590,591 In contrast, acute oriental schis¬ 
tosomiasis is frequently observed in rural inhabit¬ 
ants after their first exposure, as well as in urban 
residents visiting relatives in rural areas. 578 

Chronic Disease 

Chronic schistosomiasis develops gradually as a 
result of immunological responses to schistosome 
eggs deposited in tissues. The degree of disease is 
directly related to the number of eggs deposited in 
host tissue and the host reaction to them. In turn, 
egg deposition is a function of the number of worm 
pairs and duration of an infection. 581,583 Symptoms 
in heavily infected individuals, such as bleeding, 
ulceration, or polyposis, are due to the initial granu¬ 
lomatous response. In intestinal schistosomiasis 
(caused by S japonicum and S mansoni), ulceration 
and polyp formation occur in the bowel; in urinary 
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schistosomiasis (S haematobium), those symptoms 
occur in the mucosa of the ureter and bladder. 581 In 
endemic regions, bleeding, ulceration, and polypo¬ 
sis are more common in teenagers than adults. The 
classical symptoms of intestinal schistosomiasis (ie, 
liver "pipestem" fibrosis and portal hypertension) 
and urinary schistosomiasis (ie, hydronephrosis, 
hydroureter, and bladder calcification) develop in 
adults who have been repeatedly infected over a 
long time. Pulmonary symptoms occur in all forms 
but are most common in cases caused by S haematobium. 
Central nervous system involvement is most com¬ 
mon in S japonicum infections and least common in 
S haematobium infections. 592-594 Since eggs of S 
japonicum are relatively small and round and have 
a minute spine (Figure 37-15c), their size and shape 
may be responsible for their more frequent deposi¬ 
tion in ectopic locations such as the central nervous 
system. Chronic disease sequelae can be prevented 
by prompt treatment of suspected and confirmed 
cases. 

Diagnostic Approaches 

Signs and symptoms of cercarial dermatitis and 
acute schistosomiasis must be considered in a dif¬ 
ferential diagnosis under field conditions, as it takes 
weeks for a patent infection to be diagnosed by 
stool, urine, or serological methods. History of 
freshwater contact, dermatitis on regions of the 
body that were submersed, and itching within the 
past few days should suggest schistosomiasis. In 
the following weeks, malaise, fever, urticaria, and 
vague intestinal complaints associated with tran¬ 
sient toxic and allergic manifestations are common 
in light-to-moderate exposures. If an individual is 
initially exposed to many cercariae, there is an 
abrupt onset of fever with chills, abdominal pain, 
diarrhea, nausea, vomiting, cough, headache, urticaria, 
hepatosplenomegaly, frequently high eosinophilia 
counts (> 50), and elevated IgG and IgE levels. 
These acute symptoms, which can last for several 
days or weeks, are most common upon exposure to 
S japonicum cercariae and least common upon ex¬ 
posure to S haematobium cercariae. 593 

Definitive diagnosis has depended on the dem¬ 
onstration of eggs either in stool or urine specimens 
or in intestinal or bladder biopsy specimens from 
suspected cases. 595 Stool and urine examinations can 
be made with minimum laboratory support. Eggs 
of schistosomes are relatively large, are distinct in 
shape, and contain a fully developed embryo 
(miracidum) (Figure 37-15). Eggs of S haematobium 
and S intercalatingi possess a distinct terminal spine 



Fig. 37-15. Eggs of schistosomes commonly infecting 
humans are relatively large and nonoperculate with a 
transparent shell and either a lateral or terminal spine, 
(a) S haematobium (110-70 x 40-70 p) and (b) S intercalatum 
(140-240 x 40-70 p) eggs possess a distinct terminal spine. 
Eggs of S intercalatum are usually found in feces whereas 
eggs of S haematobium are usually found in urine, (c) Schis¬ 
tosoma mansoni eggs (115-175 x 45-70 p) possess a dis¬ 
tinct lateral spine and are usually recovered from feces, 
(d) Eggs of S japonicum (70-10 x 55-65 p) and (e) S mekongi 
(51-78 x 39-66 p) are round with a short, dull spines. Note 
that a short, dull spine is clearly visible on the S mekongi 
egg shell, whereas a short, dull spine on the shell of the 
S japonicum egg could easily be obscured by debris or 
orientation. 

Photomicrographs: Courtesy of Dr. Lawrence R. Ash, De¬ 
partment of Epidemiology, School of Public Health, Uni¬ 
versity of California, Los Angeles. 


(Figure 37-15a,b). The latter eggs are usually found 
in feces, are larger, and frequently have an equato¬ 
rial bulge. S mansoni eggs possess a distinctive lat¬ 
eral spine (Figure 37-15c), whereas those of S 
japonicum and S mekongi are round with a short, dull 
spine (Figure 37-15d,e). Concentration methods and 
multiple stool or urine examinations are recom¬ 
mended. 595,596 Clinical dipsticks for hematuria are 
efficient and effective screens for patent infections 
with S haematobium because hematuria is usually 
indicative of urinary schistosomiasis in areas where 
individuals are continually exposed. 596 However, 
hematuria is not a common sign of urinary schisto¬ 
somiasis in light infections. 

Even though current serological assays are unable 
to distinguish past infection from current ones, they 
are valuable in establishing a diagnosis of schistoso¬ 
miasis in US military personnel, because most US 
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forces have not been exposed to anthropophilic schis¬ 
tosomes or even to related helminths. The Centers for 
Disease Control and Prevention's Division of Para¬ 
sitic Diseases has developed very sensitive and spe¬ 
cific antibody assays for both S haematobium and S 
mansoni. 597 Serological assays are particularly useful 
for the diagnosis of acute schistosomiasis cases, as 
most cases are symptomatic before eggs can be de¬ 
tected in fecal or urine specimens. 581 Antigen detec¬ 
tion assays for S mansoni and S haematobium, which 
can be used with either urine or serum samples, are 
as reliable as the Kato-Katz stool and urine filtration 
examinations, and antigen levels correlate well with 
egg counts for quantification of parasitemia. 598 Re¬ 
agents for circulating cathodic antigen and circulat¬ 
ing anodic antigen detection in urine and sera are 
available through the Laboratory of Parasitology, 
Medical Faculty, University of Leiden, Netherlands. 
If a suspected infection cannot be determined by stool 
or urine examination, sera should be tested for schis¬ 
tosome antigen or antibodies to schistosome antigens 
or both. If a suspected case demonstrates neurologi¬ 
cal symptoms in the absence of eggs in fecal or urine 
specimens, antibody or antigen assays may be the only 
means of establishing a diagnosis. 

Recommendations for Therapy and Control 

Therapy 

Currently three anhelminthic drugs are used to 
treat schistosomiasis: praziquantel, oxamniquine, 
and metrifonate. Praziquantel is the drug of choice 
for treatment of all acute and patent cases of schis¬ 
tosomiasis. 573,563 Oxamniquine is an alternative treat¬ 
ment for both acute and patent cases of S mansoni 
infection, and metrifonate is an alternative treat¬ 
ment for cases of S haematobium infection. 573 All 
cases of schistosomiasis, whether or not they are 
symptomatic, and all suspected cases chould be 
treated to prevent potential pathological sequelae. 

Praziquantel is exceptionally well tolerated. Side 
effects, such as abdominal discomfort, bloody di¬ 
arrhea, nausea, vomiting, headache, dizziness, and 
drowsiness, are usually associated with heavy 
worm burdens. Praziquantel is better tolerated if 
given with meals, and side effects are fewer if it is 
given in divided doses. The World Health Organi¬ 
zation 573 recommends 40 mk/kg of praziquantel as 
a single dose for infections with all species of schis¬ 
tosomes. The Medical Letter 563 recommends 60 mg/ 
kg of praziquantel, divided in three equal doses 
over 1 day for S japonicum and S mekongi infections, 
and 40 mg /kg in three equal doses over 1 day for S 


haematobium and S mansoni infections. Praziquantel 
is the only drug now recommended to treat infec¬ 
tions with S japonicum, S intercalatum, and S mekongi 
because these parasites are unresponsive to 
oxamniquine. All patent cases, whether or not they 
are symptomatic, and all suspected cases should be 
treated to prevent potential pathological sequelae 
of chronic infections. 

Effective doses of oxamniquine for S mansoni in¬ 
fections range between 15 and 60 mg /kg and should 
be given over 2 or 3 days. 573 The Medical Letter's ge¬ 
neric recommendations for treatment of S mansoni 
infections with oxamniquine are 15 mg /kg once for 
adults and 20 mg /kg divided into two doses for 
children; however, in East Africa they recommend 
that the dose be increased to 30 mg /kg, and in Egypt 
and South Africa to 30 mg /kg per day for 2 days. 563 
Shekhar 599 recommends 40-60 mg /kg of oxamniquine 
over 2 to 3 days to treat S mansoni infections through¬ 
out Africa. In north Senegal, where S mansoni responds 
poorly to standard praziquantel therapy (36% cure 
rate), oxaminquine is highly recommended. 600 

Cercarial Dermatitis. If the dermatitis needs 
treatment, palliative topical agents such as corticos¬ 
teroid creams should be used. In more severe cases, 
oral or parenteral antihistamines can be adminis¬ 
tered. 582 Usually, however, species of schistosomes 
that readily infect humans are well adapted to hu¬ 
mans, and the dermatitis elicited is mild in com¬ 
parison to that elicited by cercariae of zoophilic 
schistosomes. 

Acute Disease. The combined use of steroids and 
praziquantel to treatment of acute schistosomiasis 
syndrome is based on clinical and experimental 
evidence that steroids act synergistically with 
schistosomicides. This combination augments cure 
and speeds recovery, even though there is an occa¬ 
sional worsening of clinical status and praziquantel 
is less effective against immature worms. 573 ' 581 ' 583 ' 591,601 
Prompt treatment with praziquantel and concurrent 
use of nonsteroid anti-inflammatory agents is rec¬ 
ommended for persons with mild symptoms; cor¬ 
ticosteroids should be used only for persons who 
appear extremely toxic or whose symptoms fail to 
respond to or worsen with treatment. 583 Farid 591 rec¬ 
ommends 75 mg /kg of praziquantel, divided into 
3 equal doses over 1 day, for treatment of acute S 
mansoni infections in Egypt. 

Exposed Personnel. There are no clinical reports 
of the efficacy of any Food and Drug Administra¬ 
tion-approved schistosomicidal drug against the 
schistosomal stage or immature schistosomes, but 
derivatives of artemisinin have been reported to 
suppress development of immature schistosomes. 602 
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Two studies 603,604 in regions of rural China where S 
japonicum is endemic have demonstrated the effi¬ 
cacy of artemether in the reduction of acute schis¬ 
tosomiasis, both in the infection and reinfection 
rates and in the intensity of infections. In the two 
field trials, no cases of acute schistosomiasis were 
seen in groups treated with artemether, whereas in 
4% and 9% of the control groups, acute schistoso¬ 
miasis was diagnosed. While subsequent infection 
rates in the control groups were 13.6% and 15%, they 
were 5.5% and 4.2%, respectively, in the artemether 
groups. Similarly, the intensity of infection, as mea¬ 
sured by eggs per gram using the Kato-Katz 
method, was reduced more than 5-fold in one field 
trial and 1.5-fold in the other. In neither field trial 
were adverse side effects observed. These results 
are encouraging and suggest that artemether, and 
probably other artemisinin derivatives, may provide 
a means of safely reducing the number of acute schis¬ 
tosomiasis cases and the rate and intensity of patent 
infections in persons who cannot avoid exposure. 

An experimental study 605 in mice suggested that 
the efficacy curve of praziquantel is bimodal. Worm 
reduction rates ranged from 80% to 50% in the first 
2 weeks, varied between 0% and 20% in the third 
and fourth week, and climbed back to 95% to 100% 
by the sixth week after exposure. Since praziquantel 
is well tolerated and its known side effects are re¬ 
lated to worm burden, 573 its preemptive use should 
be seriously considered in personnel who have been 
exposed in order to prevent or lessen the impact of 
the acute state of this disease. 

Prevention and Control 

From a military perspective, control is preven¬ 
tion. Cases are a direct consequence of contact with 
or use of snail-infested freshwater contaminated 
with feces or urine containing schistosome eggs. 
The basic preventive options fall into four catego¬ 
ries: limiting water contact, treating water, control¬ 
ling snails, and educating personnel. 

Limiting Water Contact 

Since the intensity of the acute disease is directly 
related to the number of egg-depositing female schis¬ 
tosomes present, any protective barrier is better than 
none at all. Thus, clothing; gloves of rubber, latex, or 
vinyl; rubber boots; or anything that prevents a cer- 
caria from contacting skin will reduce the chance of 
transmission. 606 For example, uniform trousers will 
provide some protection for legs if they are tucked 
into the top of combat boots with enough slack to form 
a cuff over the boot top, but the protective effect di¬ 


minishes as the exposure lengthens. 607 If feasible, skin 
that contacts suspect water should be vigorously tow¬ 
eled dry as soon as possible, and 70% alcohol should 
be applied to the skin immediately. 

No topical repellent is presently available that 
provides long-term protection against cercarial pen¬ 
etration. Field trials of 1% niclosamide as a topical 
antipenetrant demonstrate approximately 20% re¬ 
duction in reinfections from S mansoni 608 but no sig¬ 
nificant reduction in reinfection rates from S 
haematobium 609 among Egyptian farmers. Pellegrino 606 
summarizes numerous studies, conducted in the 
1940s and 1950s, demonstrating that many com¬ 
pounds could provide relatively effective protection 
for limited periods of time. Repellents containing 
dibutylphthalate and benzylbenoate as principal 
agents in a turpentine base have been used with 
success in China. 610 Most oily substances that are 
hydrophobic offer some degree of protection for 
short periods, and a limited degree of protection is 
offered by topical insect repellents. 568,606 

A recent report 611 suggests that DEET, probably 
one of the most widely used insect repellents in the 
world, at concentrations of 7.5% or higher was 100% 
effective in immobilizing and killing cercariae of S 
mansoni in vitro, and cutaneous application of DEET 
in an isopropanol vehicle or as a commercial insect 
repellent preparation (Off with 7.5% DEET) was 
more than 99% effective in preventing entry of S 
mansoni cercariae into mouse tail skin. DEET may 
not only be a safe prophylactic agent in the control of 
human schistosomiasis, but it may also be potentially 
useful in the control of cercarial dermatitis associated 
with exposure to schistosomes of birds and mammals. 
A follow-up study 612 reported that DEET incorporated 
into liposomes (LIPODEET) appears to prolong the 
activity of DEET for more than 48 hours after a single 
application. In addition, LIPODEET was found to be 
minimally absorbed through the skin and loss from 
washing off was limited, suggesting that LIPODEET 
may be a safe, long-acting formulation of DEET that 
is effective in preventing successful penetration of 
schistosome cercariae. 

The time of day can be a factor. Cercarial emergence 
from the snail is circadian, but the periodicity varies 
depending on the species involved. Cercariae of S 
mansoni, S haematobium, and S japonicum are usually 
shed in the mid to late morning. However, snails in¬ 
fected with S mansoni in the Caribbean region or with 
S japonicum in the Philippines and Indonesia usually 
shed cercariae in the late afternoon or early evening 
when rodents that are important reservoir hosts of 
schistosomiasis are active. 613,614 Risk can be minimized 
by restricting water contact during and for a few hours 
after this peak transmission period. 
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Treating Water 

Before surface water is used for drinking, bathing, 
and washing clothes, it must be treated to remove 
or inactivate cercariae. If available, subsurface water 
should be used for these purposes. Surface water 
can be held in tanks that do not contain any infected 
snails for 24 hours before use, 615 boiled, or heated 
to either 50°C for 5 minutes or 80°C for 30 seconds 
to inactivate cercariae. 568 Drinking water treated 
with iodine is safe. Cercariae are killed within 30 
minutes by 1 ppm chlorine residual in a pH range 
of 7.5 to 8.9, by 0.3 ppm at pH 5, and by 5 ppm at 
pH 10. 615 Sand grains smaller than 0.35 mm and di- 
atomaceous earth filters remove cercariae. 616 US 
Army mobile water purification units employing 
either diatomite filters or a reverse-osmosis system 
are effective in removing cercariae. 568 

Controlling Snails 

Niclosamide (Bayluscide [Bayer AG], Mollutox 
in the Middle East and North Africa) is the only 
highly effective synthetic molluscicide. In addition, 
nicolsamide is toxic to cercariae and will have a 
rapid and focal impact on transmission when ap¬ 
plied. 615 A classic reference for snail control. Snail 
Control in the Prevention of Bilharziasis, 617 has chapters 
on both chemical and environmental methods of con¬ 
trol. A more recent text, Mollnscicides in Schistoso¬ 


Introduction and Military Relevance 

Coccidioidomycosis was first recognized in 
1892 in an Argentinean soldier who died of a dis¬ 
seminated case of this fungal infection. Pivotal 
to understanding the epidemiology and clinical 
course of this mycosis is surveillance work us¬ 
ing the coccidioidin skin test and serologies done 
in the US Army air bases of the San Joaquin Val¬ 
ley in California during World War II. Smith 619,620 
found that this inhalationally acquired infection 
from soil caused high morbidity among the mili¬ 
tary in endemic areas, although the majority of 
those infected had mild symptoms. Many sol¬ 
diers were symptomatic, requiring 4 to 6 weeks 
of hospitalization for respiratory illness. A small 
percentage of those infected had serious, often 
fatal, infection, and persons of color were pre¬ 
disposed to having this severe course. Those who 
had reactive skin tests seemed immune to rein¬ 
fection. It was also found that there were seasonal 
differences in infection rates and that dust con¬ 


miasis Control, 618 is an excellent review of the use of 
chemicals to control molluscan hosts of schistosomes. 

There are a number of environmental and bio¬ 
logical measures that can be used to control snail 
populations. One example comes from Asia: habi¬ 
tats of amphibious oncomelanid snails can simply 
be buried or flooded to drastically reduce snail 
populations. In regions where aquatic snails are 
involved, a well-designed irrigation system allows 
snail habitats to be dried out, and ditches drained 
and cleaned on a regular schedule. Although these 
measures may not be practical in a traditional mili¬ 
tary operation, they may be very useful in nontra- 
ditional military operations, such as humanitarian 
assistance and peacekeeping missions, in endemic 
areas. 

Educating Personnel 

Personnel must be alerted to hazards of fresh¬ 
water contact (eg, swimming, bathing, washing 
clothes) before deployment to an endemic area. Any 
activity or intervention that reduces the frequency 
or duration of exposure to snail-infested waters will 
reduce the chance of infections. Military personnel 
should be taught that the first symptom of an ex¬ 
posure is a dermatitis affecting areas exposed to 
surface water within 6 to 48 hours of exposure. If 
exposed, they should seek medical attention. 

[W. Patrick Carney] 


trol could significantly decrease the incidence of 
primary infection. 

In the military, outbreaks have been associated 
with maneuvers of nonimmune units. For example, 
in 1992 a Tennessee-based US Marine Corps Reserve 
unit experienced an outbreak after training in San 
Luis Obispo County, Calif. 621 Other reports include 
an outbreak associated with moving earth to pro¬ 
vide foundations for a housing project at Edwards 
Air Force Base, Calif., 622 coccidioidomycosis as a se¬ 
quela of a dust storm at Lemoore Naval Air Sta¬ 
tion, Calif., 623 infection among German air defense 
artillery trainees in El Paso, Tex., 624 and cases in 
those deployed to the Desert Training Center in Fort 
Irwin, Calif. 625 

Description of the Pathogen 

Coccidioides immitis is a dimorphic fungus found 
in soil. In nature and in laboratory culture, it exists 
as a mycelial-arthrospore form. Animal studies sug¬ 
gest inhalation of as few as 7 to 12 arthroconidia 
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suffice to cause infection. 626 In the host, the 
arthroconidia develop into spherules—spheres 20 
to 60 pm in diameter—with small endospores inside. 

Coccidioides is a hardy organism and has re¬ 
mained viable in dry soil and beach sand for more 
than 10 years. 627 It can be sterilized by soaking in 
hypochlorite, phenols, iodophors, or formaldehyde 
for at least 15 minutes. 

Epidemiology 

Transmission 

Coccidioidomycosis is transmitted by inhalation 
of arthrospores from dust or soil in endemic areas. 
Reactivation can occur, principally in immuno- 
suppressed hosts, such as organ transplantees 
and those with chemotherapy-induced lym¬ 
phopenia and human immunodeficiency virus 
(HIV) infection. Infection has been reported to 
have been caused by fomites such as cotton, dirt 
moved from an endemic area, packing material 
around archaeological artifacts, fruit, and dust 
on cars driven through an endemic region. Infec¬ 
tions in laboratory workers have usually been 
inhalationally acquired, but some have been pri¬ 
mary inoculations leading to skin lesions. Inocu¬ 
lation from barbed wire and splinters has also 
been reported. 628 Person-to-person transmission 
has occurred—in a cast covering a draining si¬ 
nus, the spherule form had converted to the 
mycelial phase. The organism aerosolized when 
the cast was opened, exposing many health care 
workers. 629 

Transmission seems to be most intense from Au¬ 
gust to November, especially if there is prolonged 
drought followed by heavy spring rains. 620 Califor¬ 
nia had a marked increased incidence of primary 
Coccidioides infection due to this pattern in 1991 and 
1992; incidence also increased later because of the 
disruption and construction related to the 1994 
earthquake. 630 Large dust storms facilitate the trans¬ 
mission of coccidioidomycosis. 

Geographic Distribution 

The endemic zone for Coccidioides is restricted to 
the Western hemisphere between 40° north (Cali¬ 
fornia) and 40° south (Argentina) latitude (Figure 
37-16). Coccidioides is usually found in arid climates 
of low rainfall, hot summers, few winter freezes, 
and alkaline soil. In the United States, this includes 
the deserts of Arizona, west Texas, and the central 
valleys of California; some areas of southern New 


Mexico; Las Vegas, Nev.; and southwest Utah. Out¬ 
side the United States, endemic areas are found in 
Mexico, Guatemala, El Salvador, Honduras, Colom¬ 
bia, Argentina, Brazil, Venezuela, and Paraguay. 631 
It should be emphasized that areas of endemicity 
are focal within this distribution. 

Incidence 

Estimates suggest that 100,000 persons in the 
United States are infected each year. 632 In endemic 
areas of the Southwest, 30% to 50% of long-term 
residents are Coccidioides skin-test positive. Studies 
in Tucson, Ariz., suggest an annual infection risk of 
2% to 4% per year. 633 There are several factors asso¬ 
ciated with a higher risk of dissemination once coc¬ 
cidioidomycosis is acquired. These include race and 



Fig. 37-16. Areas in which coccidiomycosis is endemic. 
Reprinted with permission from: Pappagianis D. Coccid¬ 
ioidomycosis: A Text. New York: Plenum Publishing; 1980. 


1070 



Diseases Transmitted by Food, Water, and Soil 


ethnic origin (especially black and Filipino), HIV 
infection with CD4 counts of less than 250, having 
received an organ transplant, having Hodgkins 
disease or uremia, taking steroids for collagen vascu¬ 
lar disease, and being in the second or third trimester 
of pregnancy. 

The US military's experience in World War II 
suggests that immunity develops to exogenous 
reinfection. 619 In the San Joaquin Army air fields, active 
infection occurred only in those patients who had 
negative skin tests or were untested. 

Occupational risk groups for the acquisition of 
coccidioidomycosis include agricultural laborers; ar¬ 
chaeologists; geologists; paleontologists; construction, 
highway, pipeline, and oil-well drilling workers; labo¬ 
ratory technicians; and military personnel. Coccidio¬ 
idomycosis is recognized as an occupational illness 
under the California worker's compensation law. 

Pathogenesis and Clinical Findings 

The arthroconidia are inhaled and establish in¬ 
fection in the small bronchi. The initial host re¬ 
sponse is neutrophilic, but the spherules are not 
killed by polymorphonuclear leukocytes. Cell-me¬ 
diated immunity is essential to kill the fungus. Dis¬ 
semination has been related to hematogenous 
spread of the fungus from suppurating lymph 
nodes in the hilae and mediastinum. 

The majority (60%) of cases are asymptomatic or 
have symptoms similar to an upper respiratory tract 
infection. 619 Forty percent are symptomatic, mainly 
with an acute febrile illness lasting 7 to 28 days that 
often includes cough (usually nonproductive), mal¬ 
aise, pleuritic chest pain, night sweats, fatigue, oc¬ 
casional dyspnea, headache, pharyngitis, arthralgia, 
and, infrequently, hemoptysis. About 10% of symp¬ 
tomatic patients (especially females) may have a 
syndrome known as desert rheumatism or valley 
fever, which includes erythema nodosum (painful 
erythematous nodules often over the pretibial area. 
Figure 37-17) with or without symmetrical nonmig- 
ratory arthralgias and occasionally arthritis. An¬ 
other skin manifestation of an early immune re¬ 
sponse to C immitis is toxic erythema, which can be 
scarlatiniform, morbilliform, or urticarial. Erythema 
multiforme can also occur, usually in the upper half 
of the body, and is sometimes accompanied by pal¬ 
mar desquamation. Valley fever is self limited, is 
associated with very large reactions to spherulin 
skin testing, and generally has a good prognosis. 
In these acute cases, spherulin skin test reagent 
should be diluted to 1:1,000 or 1:10,000 to avoid 
large local reactions. 



Fig. 37-17. Erythema nodosum is associated with acute 
coccidioidal infection. An immunologic phenomenon, 
it portends a benign course of infection. 

Photograph: Courtesy of William Beaumont Army Medi¬ 
cal Center, El Paso, Tex. 


Disseminated extrapulmonary coccidioidomyco¬ 
sis occurs in 1% of symptomatic white persons and 
10% of symptomatic black persons. 619 This is often 
a severe, relapsing, potentially life-threatening com¬ 
plication. Disseminated infection usually develops 
within a year of initial infection. The most common 
sites are skin, bone, joint, and meninges; other sites 
include the genitouritary tract, peritoneum, thyroid, 
lymph nodes, and spleen. It often manifests in a 
miliary pattern. The skin is frequently involved in 
disseminated coccidioidomycosis and may be the 
manifestation that a deployed military health care 
provider is most likely to see. Most commonly, the 
lesion is verrucous; it can also be a chronic ulcer 
(Figure 37-18), draining sinus tract, plaque, nodule, 
subcutaneous abscess, or sporotrichoid lesion with 
regional lymphadenitis. 

Findings on chest radiograph include infiltrates 
(which can be single or multiple), hilar adenopa¬ 
thy, and occasionally ipsilateral pleural effusion 
or cavitary lesions. Five percent have chronic 
radiograph findings, which include nodules and 
thin-walled cystic lesions. Diffuse reticulonodular 
infiltrates suggest disseminated disease and are 
more frequently seen in immunocompromised 
hosts. 

Laboratory clues are an elevated erythrocyte 
sedimentation rate and a fairly normal total white 
blood cell count. More than 25% will have an eosi- 
nophilia count of greater than 5%. 
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Fig. 37-18. Photograph (a) shows Verrucous cutaneous coccidioidomycosis. Photograph (b) shows the ulcerative 
form of cutaneous coccidioidomycosis above the lip. This lesion represents disseminated infection. 

Photographs: Courtesy of William Beaumont Army Medical Center, El Paso, Tex. 


Diagnostic Approaches 

In the field, coccidioidomycosis should be con¬ 
sidered in cases of respiratory illness occurring ap¬ 
proximately 1 to 3 weeks after exposure in endemic 
areas. Spherulin skin testing (1:100) designates 
those who have been infected; however, like the 
tuberculin skin test, it is better to have baseline data 
so as to detect conversion. A significant reaction is 
an induration of greater than or equal to 5 mm at 
either 24 or 48 hours. For febrile patients, a chest 
radiograph is recommended, as those at highest risk 
for dissemination may have an anergic result on the 
spherulin skin test. A positive coccidioidin skin test 
can be seen 2 to 21 days after exposure in 99% of 
those infected. 634 Causes of false-positive tests in¬ 
clude the merthiolate preservative used in the skin 
test, histoplasmosis, paracoccidioidomycosis, and, 
possibly, recurrent recent (within 2 months) skin 
testing. 635 Causes described for false-negative skin 
tests include dissemination, placement too early, 
and methodologic problems with skin test place¬ 
ment such as subdermal injection or inaccurate 
measurement of the induration. 

In garrison, several additional diagnostic aids 
may be employed. Coccidioidal serology can be 
very helpful. IgM antibodies can be seen in 7 to 10 
days and measured by several assays (eg, tube pre- 
cipitins, latex particle agglutination, immunodiffu¬ 
sion). Serum IgG antibodies occur later (50% by 4 
weeks) and persist for a long time. Complement 
fixation IgG titers of greater than 1:16 to 1:32 are of 
concern because they are associated with a higher 
risk of dissemination, particularly if the test is stan¬ 
dardized to the antigen of Smith. 636 

The spherules are rarely seen in sputum, pus, si¬ 


nus tract drainage, or other body fluids. In tissue 
sections, the spherules may be seen with hematoxy¬ 
lin, hematoxylineosin, and Gomori's methenamine 
silver stain. Coccidioides can also autofluoresce. 

The organism grows well on artificial media in 3 
to 5 days. The mycelial form that is generated is 
highly infectious, so the laboratory should be 
warned that C immitis is suspected so safety mea¬ 
sures will be carefully maintained. 

Recommendations for Therapy and Control 

Those with severe primary infection and those 
at risk for disseminated illness should be treated. 
This includes persons who are immunocompromised 
and those who have had a large inoculum exposure, 
have had symptoms for longer than 6 weeks, have 
an anergic reaction to the spherulin skin test, have 
an increased complement fixation titer, or are in the 
second or third trimester of pregnancy. All patients 
with extrapulmonary coccidioidomycosis should 
receive therapy. For patients who do not receive 
specific therapy, a repeat encounter at 1 to 2 years 
to document resolution or identify complications 
is suggested. 

The current guidelines for treatment are in flux, 
with the availability since the early 1990s of the oral 
triazoles. 637 For severe illness, intravenous ampho¬ 
tericin B (1.5 to 3 g total dose, 0.5-0.7 mg/kg per 
day) is given; intrathecal amphotericin B (0.01-1.5 
mg) must be given as well for meningeal coccidio¬ 
idomycosis. During pregnancy, amphotericin B is 
the treatment of choice. For mild-to-moderate 
nonmeningeal coccidioidomycosis, itraconazole 200 
mg orally twice a day or fluconazole 400 to 800 mg 
per day may be used; the regimen must be contin- 
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ued for at least 6 months after the disease becomes 
inactive. For meningeal coccidioidomycosis, 
fluconazole 600 to 800 mg per day is considered 
first-line therapy; in limited experience it is effec¬ 
tive and less toxic than intrathecal amphotericin. 638 
Some would initiate therapy for meningitis with 
amphotericin B intrathecally as well, trying for a 
more rapid treatment response. Therapy should be 
continued lifelong. 

Overall, response rates of less than 75% are the 
norm in the treatment of coccidioidomycosis, and 
all patients with disseminated infection should be 
considered at risk for relapse. 639 

Data gathered at the San Joaquin Valley Army 
air bases support the utility of dust control in de¬ 
creasing the incidence of infection in susceptible 
persons. 620 Lawns and trees should be aggressively 
planted, roads and airfields paved, and athletic 
fields oiled (optimal dosage is 1 qt of highly refined 
oil per square yard of dry field 619 ). Temporary ben¬ 
efit has been observed with soil fumigation using 
l-chloro-2-nitropropene. 640 Local authorities should 
be consulted about the legality of this measure. For 
optimal control, ground maneuvers in focal areas 
known to be highly endemic, especially in the late 
summer and fall, should be curtailed or limited to 
those persons known to have positive spherulin 
skin tests (although heavy reexposure may over¬ 
whelm this immunity). For those involved with 
earth-moving equipment, use of vehicles with air 
conditioned cabs is recommended. Buildings in en¬ 
demic areas should have filtered air or air condi¬ 
tioning. Vehicles covered with dust from endemic 
areas should be thoroughly cleaned before depar¬ 
ture. The use of personal respirators or masks for 
potentially heavy but limited exposure may be in 
theory useful but in practice very uncomfortable, 
given the hot, dry environment where Coccidioid.es 
is endemic. 


In the clinical setting, dressings or casts over ac¬ 
tive coccidioidomycosis infections (eg, draining 
skin lesions) should be completely wetted before 
removal and the dressing treated with phenol or 
sodium hypochlorite solution to decrease any sub¬ 
sequent transmission. 

Laboratory personnel should maintain Coccidioides 
isolates in sealed containers and handle culture 
samples with appropriate biosafety equipment 
for a class 3 biologic agent. For the first 3 to 5 days 
of growth, though, the sample is not particularly 
infectious. 

There is as yet no successful vaccine for the pre¬ 
vention of coccidioidomycosis. While azole prophy¬ 
laxis in high-risk patients (eg, those with FIIV or 
transplanted organs) has been considered, it has not 
yet been adequately studied. Of note, in three reported 
cases in immunosuppressed hosts, disseminated 
coccidioidomycosis developed while the patients 
were receiving ketoconazole. 641 

Control in military units from a nonendemic region 
training in or deployed to endemic, nonimproved 
areas of the US Southwest should include a surveil¬ 
lance and education program. Optimally, this would 
include spherulin skin testing before training and 
1 to 2 months after training, surveillance for clus¬ 
tering of febrile respiratory illness within a month 
of potential exposure, and observation for cases of 
erythema nodosum. Military personnel should be 
educated about the significance of symptoms con¬ 
sistent with disseminated infection. Dissemination 
will often occur once service members have rede¬ 
ployed to a nonendemic region where health care 
providers may not readily consider coccidioidomy¬ 
cosis in the differential diagnosis. 

Coccidioidomycosis is a reportable medical con¬ 
dition in the US military and several southwestern 
states. 

[Naomi E. Aronson] 


HISTOPLASMOSIS 


Introduction and Military Relevance 

Histoplasmosis, caused by the fungal pathogen 
Histoplasma capsulation var. capsulation, is an infection 
of worldwide distribution. Usually an asymptom¬ 
atic infection, histoplasmosis can be a severe and 
sometimes fatal disease. Outbreaks of acute histoplas¬ 
mosis have been associated with military operations 
in the past. These epidemics have most frequently 
been associated with cleaning and clearing contami¬ 
nated debris from structures such as infrequently 
used bunkers. Some of the earliest epidemics were 


reported in soldiers in Camp Gruber, Okla, and 
Camp Crowder, Mo, in the 1940s. 642 More recent 
outbreaks include those described in 1977 and 1982 
associated with troop activity in Panama. 643,644 His¬ 
toplasmosis has the potential to affect the readiness 
and effectiveness of service members in situations 
where contaminated structures are cleaned or 
cleared for use. 

First described by Samuel Darling in 1906, histo¬ 
plasmosis was initially thought to be a parasitic 
infection. 645 Describing an autopsy performed while 
working in the Panama Canal Zone, Darling re- 
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ported finding organisms in histiocytes that re¬ 
sembled plasmodia and appeared to have a capsule. 
Because of these observations, he recommended 
naming the new parasite Histoplasma capsulata. De 
Monbreun established that the causative agent, H 
capsulatum, was a dimorphic fungus. 646 He de¬ 
scribed the cultural characteristics of both the yeast 
and mycelial phases and fulfilled Koch's postulates 
by producing disease in animals with the isolate. 

From its discovery and up until the late 1940s, 
histoplasmosis was considered to be widespread in 
distribution but rare and fatal. That a nonfatal in¬ 
fection could also occur was not elucidated until 
the introduction of histoplasmin skin testing. In the 
early 1940s, it was noted that military recruits from 
Kentucky and many south-central states had a 
higher than usual rate of calcifications on chest 
roentgenogram, changes suspicious of healed tuber¬ 
culosis. Many people in those areas with abnormal 
chest roentgenograms had negative tuberculin skin 
tests. In the mid-1940s, studies by Palmer 647,648 and 
Christie 649 showed that reaction to the new skin test 
for histoplasmosis was widespread in the midwestern 
United States and correlated with asymptomatic 
pulmonary calcification in subjects with negative 
tuberculin tests. These studies, along with other epi¬ 
demiologic work, firmly established histoplasmo¬ 
sis as a predominantly self-limiting infection of 
humans and animals. 

Description of the Pathogen 

H capsulatum var. capsulatum is a temperature- 
dependent, dimorphic, fungal pathogen. 650,651 In its 
natural habitat (soil) and in culture at room tem¬ 
perature, H capsulatum forms a mycelium of sep¬ 
tate hyphae, which can produce both microconidia 
(2-5 pm) and tuberculate macroconidia (8-16 pm). 
It is this form of the fungus (and especially aero¬ 
solized microconidia) that is the infectious inocu¬ 
lum. In its pathogenic form or in culture at 37°C, H 
capsulatum var. capsulatum is a small yeast (2-5 pm). 
Conversion of the mycellial form, grown from clini¬ 
cal isolates, to a yeast at 37°C can be used in the 
identification of this organism. The mycelial form 
of H capsulatum grows well in soils with high nitro¬ 
gen content and is found in soil contaminated by 
guano and debris of birds and bats. The most com¬ 
mon niche of the fungus is in soil contaminated with 
the droppings of starlings, bats, or chickens. In addi¬ 
tion to causing infection in humans, histoplasmosis 
is common in both wild and domesticated mam¬ 
mals. H capsulatum consists of three varieties: 
capsulatum, duboisii, and farciminosum. Most cases 


of histoplasmosis are caused by H capsulatum var. 
capsulatum. H capsulatum var. duboisii (H duboisii, 
African histoplasmosis) is a second variety of the 
fungus, which is found principally in Africa and 
causes disease usually limited to bone and skin. H 
capsulatum var. farciminosum is a pathogen that has 
thus far been limited to horses and mules. 

Epidemiology 

Transmission and Geographic Distribution 

Inhalation of aerosolized conidia is the route of 
transmission. Histoplasmosis has been reported 
throughout the world, with greatest prevalence from 
45° north latitude to 30° south latitude. 652 The 
distribution of this disease is concentrated in and 
around the Mississippi and Ohio River valleys in the 
United States. 

Incidence 

Clinically apparent disease is more common in 
males (4:1 ratio), although skin testing does not 
support a difference in exposure or infection be¬ 
tween the sexes. 653 In the less-commonly seen forms 
of histoplasmosis, including disseminated disease, 
immunocompromised patients (eg, those who have 
a hematologic malignancy, have acquired immuno¬ 
deficiency syndrome [AIDS], or have taken steroid 
or immunosuppressive therapies) and the very 
young are at higher risk. 

The world's highest concentration of skin-test- 
positive individuals exists in the Mississippi and 
Ohio River valleys, with 80% to 90% of residents 
there testing positive. In the more highly endemic 
areas of this region, 80% to 90% of the population 
is skin-test-positive by age 20. 654 Large-scale skin 
testing of Navy recruits has enhanced the under¬ 
standing of the epidemiology of histoplasmosis in 
the United States (Figure 37-19). 655 The annual inci¬ 
dence of histoplasmosis is thought to be approxi¬ 
mately 250,000 in the United States. 656 In addition 
to endemic disease, about 200 small epidemics of 
histoplasmosis have also been described. Epidemics 
of histoplasmosis usually present with acute pul¬ 
monary disease in subjects exposed to large inocu¬ 
lum loads, although at least one outbreak presented 
as undifferentiated febrile syndrome without pulmo¬ 
nary signs or symptoms. 644 The source and causation 
of these epidemics is usually the disruption of debris, 
soil, or guano through cleaning or removing struc¬ 
tures that are heavily contaminated by starlings, bats, 
or chickens. Examples include outbreaks associated 
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Fig. 37-19. Prevalence of 
histoplasmin skin test reac¬ 
tivity in the continental 
United States. 

Reprinted with permission 
from: Edwards LB, Acqua- 
viva FA, Livesay VT, Cross 
FW, Palmer CE. An atlas of 
sensitivity to tuberculin, 
PPD-B, and histoplasmin in 
the United States. Am Rev 
Respir Dis. 1969;99(Suppl):l- 
132. 
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with cleaning buildings, bunkers, caves, silos, and ar¬ 
eas of bird roosts; excavation of soil; and removal of 
dead trees. Attack rates of 90% to 100% have been re¬ 
ported in such outbreaks. 642 Disease caused by such 
high-inoculum exposure is often severe and incapaci¬ 
tating, requiring intensive care acutely and long peri¬ 
ods of convalescence. 

Pathogenesis and Clinical Findings 

Histoplasmosis in humans can be manifested in 
many forms, from acute to chronic and localized or 
disseminated. 657,658 H capsulatum is not present in 
humans as normal flora or colonies and is not 
spread person-to-person. Infection most commonly 
occurs after inhalation of conidia of the fungus from 
the sources previously mentioned. Infection of normal, 
healthy adults usually results in mild, self-limiting 
pulmonary disease. The pathogenesis of these in¬ 
fections is complex and not completely understood. 
It is estimated by skin testing and chest roentgeno¬ 
gram findings that approximately 95% of infections 
are asymptomatic. 650,651 Symptomatic illness most 
commonly presents 10 days after a heavy exposure 
as an influenza-like illness with pulmonary infiltrates 
and development of mediastinal lymphadenopathy. 
Although the lungs are the most commonly affected 
site in acute symptomatic disease, nonspecific fe¬ 
brile illness without pulmonary signs or symptoms 
has been reported in at least one US Army out¬ 
break. 644 The prevalence of this atypical form of his¬ 


toplasmosis is not known. 

Acute pulmonary histoplasmosis is the most 
common form of histoplasmosis, presenting as an 
acute respiratory illness. Most of these infections do 
not come to medical attention and resolve sponta¬ 
neously. Symptoms develop 3 to 21 days following 
exposure, often occurring sooner in patents exposed 
to large amounts of inoculum or developing infec¬ 
tion following reexposure. Symptoms and disease 
severity are believed to be correlated with host im¬ 
munity and inoculum size. In symptomatic cases, 
signs and symptoms most commonly seen can be 
difficult to distinguish from influenza or "atypical" 
community-acquired pneumonias. These include 
fever, chest pain, cough, headache, malaise, chills, 
abdominal pain, and myalgias. Chest roentgenogram 
findings include hilar or mediastinal lymphaden¬ 
opathy with or without patchy, often bilateral infil¬ 
trates. Hilar and splenic calcifications are common 
radiographic findings in patients who have previ¬ 
ously had acute pulmonary disease. Mild anemia 
and transient increases in alkaline phosphatase can 
be noted. Rheumatologic signs and symptoms may 
be present in up to 5% of patients. More commonly 
presenting in white females, these include arthra¬ 
lgias, arthritis, erythema multiforme, and erythema 
nodosum. In severe cases, adult respiratory distress 
syndrome with diffuse reticulonodular infiltrates can 
occur. 

Isolated mediastinitis or pericarditis may occur 
in persons with clinically inapparent infection. Me- 
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diastinitis due to histoplasmosis can present with a 
wide spectrum of disease. It can range from acute 
pulmonary disease presenting as only mediastinal 
adenopathy and pain that quickly resolves to a pro¬ 
gressively destructive fibrosis that obstructs or de¬ 
stroys the mediastinal structures. Mediastinal 
granulomatosis is a description given to histoplas¬ 
mosis that causes the coalescence and enlargement 
of mediastinal and hilar lymph nodes. Depending 
on the severity of this disease, patients may develop 
symptoms of esophageal or superior vena caval 
compression. Appearing as a central mass lesion on 
radiologic studies, this process may resolve spon¬ 
taneously. Mediastinal fibrosis is a localized, pro¬ 
gressive scarring reaction secondary to previous 
histoplasmosis. This process may cause obstruction 
and compression as described previously for granu¬ 
loma formation and may ultimately lead to oblit¬ 
eration of mediastinal structures. Symptoms can 
include cough, dyspnea, hemoptysis, chest pain, 
and wheezing, plus those of superior vena cava 
syndrome. With mediastinal fibrosis, chest roentgeno¬ 
grams may reveal only mild mediastinal widening. 

Chronic pulmonary histoplasmosis is a disease 
that most often affects middle-aged, white, male 
smokers with underlying emphysema. This form of 
histoplasmosis occurs in patients with underlying 
lung disease; it presents and progresses in a fashion 
similar to tuberculosis. Chronic pulmonary histo¬ 
plasmosis usually causes upper lobe disease, often 
with progression to cavitation and fibrosis. Patients 
usually present with persistent or worsening cough, 
weight loss, malaise, and low-grade fever. Because 
of this, it is difficult to distinguish this disorder from 
exacerbation of chronic bronchitis, tuberculosis, and 
malignancy. Chest roentgenogram may show bul¬ 
lae, calcified granulomas or mediastinal nodes, 
pleural thickening with upper lobe infiltrates, or 
cavitation. Hilar adenopathy is rare. Disease may 
spontaneously resolve with linear scarring with or 
without cavity formation. Patients who develop 
thick-walled cavities usually do not have sponta¬ 
neous resolution. 

Acute, progressive, disseminated histoplasmosis 
is usually a primary infection, which can occur in 
normal, healthy adults but is much more common 
in immunocompromised persons and those at the 
extremes of age. It is very common in endemic areas 
in persons with AIDS, with attack rates possibly as 
high as 27%. 659 Patients with Hodgkin's lymphoma 
and lymphocytic leukemia are also at high risk. In 
acute disease, H capsulation is found throughout the 
reticuloendothelial system, including bone marrow. 


blood, liver, spleen, and lymph nodes. Untreated, 
acute disseminated histoplasmosis is usually a fa¬ 
tal disease. In small children and infants, fever, 
malaise, weight loss, hepatosplenomegaly, and cer¬ 
vical adenopathy is common. Chest roentgenograms 
may show a miliary infiltrate or hilar adenopathy. 
Laboratory changes, including anemia, leukopenia, 
thrombocytopenia, and elevated alanine transami¬ 
nase and alkaline phosphatase levels, are frequently 
noted. In adults with AIDS, acute disease usually 
results in fever, weight loss, malaise, cough, and 
dyspnea. Subacute and chronic forms of dissemi¬ 
nated histoplasmosis can also occur, particularly in 
the elderly. These have common features, which 
include weight loss, malaise, fatiguability, and low- 
grade fever. Ulcers of the gums, tongue, tonsillar 
areas, and larynx can occur in up to one third of 
those affected with the chronic form. Chronic dis¬ 
ease is often localized to specific organs, produc¬ 
ing clinical disease associated with that particular 
site. The adrenal glands, gastrointestinal tract, cen¬ 
tral nervous system, and heart valves are the more 
frequently involved sites. 

Diagnostic Approaches 

As the majority of cases of histoplasmosis are 
asymptomatic, diagnosis is often retrospective and 
epidemiologic in nature, using histoplasmin skin 
testing or observation of calcified granuloma on 
chest roentgenogram. Diagnosis of symptomatic 
histoplasmosis may be difficult. Histoplasmosis 
should be included in the differential diagnosis of 
clusters of acute febrile disease, especially respira¬ 
tory disease, in groups of personnel who have been 
performing duties that expose them to organic de¬ 
bris contaminated with bird or bat guano. Direct 
visualization on biopsy or smears and growth of 
the organism in culture are the most accurate means 
of diagnosis. Serological tests are of limited value. 
Detection of H capsulation antigen in urine or blood 
is a newer method that has been shown to be most 
useful in acute, progressive, disseminated disease. 660 

Histopathological diagnosis is possible when in¬ 
fected tissue is available. Finding small budding 
yeasts in a granulomatous infection strongly sug¬ 
gests the diagnosis. These yeasts are difficult to see 
on routine staining but become readily apparent on 
Gomori methenamine silver staining. H capsulatum 
occasionally may be seen in peripheral blood 
smears of patients with acute disseminated disease. 
Calcofluor white preparations are useful in detect¬ 
ing H capsulation in bronchoalveolar lavage. 
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Culture of sputum, blood, and bone marrow for 
H capsulatum is usually done on brain-heart infu¬ 
sion agar or diphasic medium at room temperature. 
Growth usually takes 4 to 6 weeks. Use of lysis cen¬ 
trifugation with blood samples may increase the 
recovery and decrease the time to grow the organ¬ 
ism. Identification of H capsulatum from culture is 
made by either DNA probe, conversion of the myce¬ 
lial phase to the yeast phase at 37°C, or, less com¬ 
monly, by exoantigen testing. 

Two available serologic tests for histoplasmosis 
are complement fixation (CF) and immunodiffusion 
(ID). These tests may be used in the retrospective 
confirmation of infections: CF by documentation of 
a 2-fold rise in titer, ID by the appearance of M or 
H identity bands. CF develops faster than ID but is 
less sensitive. Because of this, ID is often consid¬ 
ered the confirmatory test. CF antibodies can be 
detected in most presentations of histoplasmosis 
but may take 4 to 6 weeks to develop. 

Diagnosis by radioimmunoassay testing for an¬ 
tigen in blood and urine has become commercially 
available. Although this test has been shown to be 
very sensitive in patients who develop dissemi¬ 
nated disease (especially in those who have 
AIDS 661 ), less than 20% of patients with acute, self¬ 
limited, pulmonary infection have been shown to 
have a positive test. 660 The sensitivity of this test is 
highest when used with urine samples. It is cur¬ 
rently only available at one site in the United States 
and the its full usefulness is not known. 

The role of skin testing in histoplasmosis is lim¬ 
ited and may be counterproductive. Skin-test posi¬ 
tivity from endemic exposure is common, especially 
in the midwestern United States. Up to two thirds 
of those with active disease may have negative skin 
tests. Exposure to skin testing has also been shown 
to cause seroconversion in uninfected subjects, lead¬ 
ing to false-positive complement fixation and im¬ 
munodiffusion testing. 

Recommendations for Therapy and Control 

Asymptomatic and mild symptomatic cases of 
histoplasmosis do not require specific antifungal 
therapy. In general, antifungal therapy consists of 
intravenous amphotericin B (AMB) in life-threat¬ 
ening infections and oral itraconazole in less severe 
disease. 653,658 Moderate-to-severe acute pulmonary 
disease may be treated with itraconazole (400 mg/ 
day for 3 to 6 weeks), ketoconazole (400 mg /day 
for 3 to 6 weeks), or AMB (0.5 mg /kg per day intra¬ 
venously for 2 to 3 weeks). Overwhelming disease. 


including that with adult respiratory distress syn¬ 
drome, should always be treated with AMB. 
Chronic pulmonary disease may be treated with 
itraconazole (400 mg/day for 6 to 12 months). Acute 
disseminated histoplasmosis is usually treated with 
AMB, given as 0.5 mg/kg per day to a total dose of 
35 mg/kg or 2.5 g. Itraconazole (200 mg orally three 
times a day for 3 days, then 200 mg orally two times 
a day for 6 to 12 months) has been shown to be ef¬ 
fective therapy in milder cases. 662 Patients with sub¬ 
acute or chronic disseminated histoplasmosis may 
be treated with AMB as in acute disease or with long 
courses of azole (6 to 12 months of ketoconazole or 
itraconazole). Treatment of the other forms of his¬ 
toplasmosis is generally based on clinical disease 
activity. 

As exposure to soil and guano with high concen¬ 
trations of the organism is the major source of in¬ 
fections, avoidance of areas that are most likely to 
be contaminated is the key to prevention and con¬ 
trol measures (Figure 37-20). These areas include 
chicken houses, bird roosts, caves with bats, and 



Fig. 37-20. An area in the vicinity of Fort Campbell, Ky, 
posted to warn potential visitors of the risk of histoplas¬ 
mosis. The area had a heavy accumulation of starling 
guano contaminated with Histoplasma capsulatum. 
Reprinted with permission from: RipponJW. Histoplas¬ 
mosis ( Histoplasmosis capsulati). In: Medical Mycology: The 
Pathogenic Fungi and the Pathogenic Actinomycetes. 3rd ed. 
Philadelphia, Penn: WB Saunders; 1988: 386. 
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any structure with deposits of bird droppings. Pres¬ 
ence of H capsulatum in these droppings or debris 
is most prevalent where deposits of guano are deep 
or longstanding. Disturbing these areas in any man¬ 
ner that leads to the production of dusts and aero¬ 
sols is more likely to lead to infections. It makes 
sense to avoid placing helicopter landing zones in 
the vicinity of these areas and to use care in the clean 
up or destruction of structures contaminated by bird 
or bat guano. When these areas or structures need 
to be entered, use of water or oil spraying to de¬ 
crease dust and aerosols during clean up should 
lower the risk of infection. Sweeping or shoveling 
of dry material should be avoided. Material re¬ 
moved should not be left uncovered and can be 
buried without posing a health risk. Use of personal 
protective (nuclear-biological-chemical) masks or 
HEPA (high efficiency particulate air) filter masks 
should adequately protect individuals. The United 
States Army Center for Health Promotion and Pre¬ 
ventive Medicine (USACHPPM, formerly the 


United States Army Environmental Hygiene 
Agency) suggests avoidance in preference to decon¬ 
tamination for histoplasmosis-contaminated sites. 663 
USACHPPM recommends use of full-face respira¬ 
tors with HEPA filters or supplied air. They also rec¬ 
ommend wearing disposable garments, hats, boots, 
and gloves (using duct tape to seal at wrists and 
ankles), using low velocity water mist spraying, 
double bagging of removed droppings (in 3 mil or 
thicker plastic bags), disposing of wastes in landfills, 
removing and disposing of contaminated clothing 
properly (ie, as infectious waste), and showering 
before putting on clean clothing. Masks and 
nondisposable items should be decontaminated in 
a bag. Three percent formalin has been used in the 
past to decontaminate sites. However, such a strat¬ 
egy should be limited or avoided and only employed 
after consultation with appropriate local and federal 
authorities because of the possible detrimental impact 
of this action on individuals and the environment. 

[Duane R. Hospenthal] 


MELIOIDOSIS 


Introduction and Military Relevance 

Melioidosis is a tropical disease found in regions 
that within 20° north and south of the equator, 
which includes Southeast Asia and northern Austra¬ 
lia. Melioidosis can occur in humans and a wide 
variety of animals such as goats, pigs, monkeys, 
dogs, birds, and reptiles. The disease may be con¬ 
tracted through soil contamination of skin 
abrasions, by inhalation of soil particles, or by as¬ 
piration of contaminated water. The disease is 
caused by a gram-negative bacterium, Burkholderia 
pseudomallei (previously known as Pseudomonas 
pseudomallei). The range of clinical presentations 
include inapparent infections, asymptomatic pul¬ 
monary infiltration to acute pulmonary infection, 
acute septicemic infections or chronic suppurative 
infections, and localized abscesses in those who 
acquired the infection through skin abrasions. Fa¬ 
tality rates in severe infections may approach 
40%. 644 ' 645 

Melioidosis was diagnosed among French sol¬ 
diers involved in armed conflicts in Indochina from 
1948 to 1954. 646 In the 1970s, cases were reported in 
US service members fighting in Vietnam. 547-648 Cases 
continued to manifest in US military personnel 
many years after their exposure to the bacteria dur¬ 
ing the war. Meliodosis has been referred to as the 
"time-bomb disease." 649 


Description of the Pathogen 

This organism, previously placed in the genus 
Pseudomonas, has been placed in the genus Burkhold¬ 
eria based on phylogenetic analysis of 16S rRNA 
sequences. 650 B pseudomallei, a motile, gram-nega¬ 
tive, rod-shaped organism, appears as wrinkled 
colonies with a yeasty odor when cultured on agar 
(Figure 37-21). A closely related species, B mallei, is 
a nonmotile organism that causes glanders in 
horses. Although genetically indistinguishable, it is 
recognized as a separate species because of zoonotic 
and epidemiologic considerations. Both B pseudomallei 
and B mallei are known to cause disease in many 
animal species, but the only direct evidence of 
zoonotic disease transferable to humans is glanders. 
B pseudomallei is thought to be a ubiquitous envi¬ 
ronmental contaminant and only an accidental or 
opportunistic pathogen. A closely related avirulent 
environmental strain of B pseudomallei has been iso¬ 
lated in Thailand, and the name B thailandensis has 
been proposed for it. 651 - 652 

The bacteria survive optimally between 24°C and 
32°C in vitro 653 and can usually be found at a soil 
depth of between 25 cm and 45 cm. 654 The bacteria 
survive best under laboratory conditions when the 
pH is kept between 5.0 and 8.0. B pseudomallei is 
more easily killed by ultraviolet light than other soil 
bacteria. 653 
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Geographic Distribution 

B pseudomallei is widely distributed in soil and 
water in the tropics but is mainly found between 
the 20° north and 20° south (Figure 37-22). B 
pseudomallei has been frequently isolated from wet 
rice fields and cleared cultivated areas; the organ¬ 
isms have even been isolated from sport fields in 
the more urban environment of Singapore. 656 Hu¬ 
man cases of melioidosis have been reported in the 
Caribbean islands of Guadeloupe and Puerto 
Rico. 657 ' 658 

Incidence 


Fig. 37-21. Wrinkled colonies of B pseudomallei on modi¬ 
fied Ashdown's medium agar. 

Photograph: Courtesy of J.T.W. Thong and E.H. Yap, 
Department of Microbiology, National University of 
Singapore. 


Epidemiology 

Transmission 

Humans are usually infected by inhalation or 
ingestion of contaminated soil and water or through 
the contamination of wounds. Most of the infections 
of US military personnel during the Vietnam War 
were attributed to inhalation of the organisms in 
dust raised by helicopter rotors. 655 


Because of the failure to diagnose this infection in 
many topical countries besides northern Australia and 
Southeast Asian countries such as Thailand, Malay¬ 
sia, and Singapore, little is known of the epidemiol¬ 
ogy of the disease. In Thailand, 2,000 to 3,000 cases of 
clinical melioidosis occur each year. The incidence rate 
in highly endemic areas is 3.5 to 5.5 cases per 100,000 
population and is seasonal, with more cases oc¬ 
curring during the rainy season. 659 In Malaysia, anti¬ 
bodies to B pseudomallei have been detected in 6% of 
diabetics, 5% of pyrexics, 8% of pregnant women, and 
3% of farmers. 660 Among 420 military personnel re¬ 
cruited by Malaysian Military serving in Sabah and 
Sarawak, 65.7% were found to have antibodies to the 
whole cell antigens of B pseudomallei. 661 Antibodies to 
B pseudomallei were also found in 18 of 905 British 
Commonwealth soldiers serving in West Malaysia. 662 



Fig. 37-22. World Distribu¬ 
tion of B pseudomallei and B 
pseudomallei-like organisms 
from clinical and environ¬ 
mental isolates. The shaded 
areas show the main en¬ 
demic areas; the hatched ar¬ 
eas and asterisks show areas 
from which sporadic isolates 
have been gathered. 
Reprinted with permission 
from: Dance DAB, Melioido¬ 
sis: The Tip of the Iceberg? 
Clin Microbiol Rev. 1991,4:52- 
60. 
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In Singapore between 1987 and 1994, 23 cases of me¬ 
lioidosis were diagnosed in persons serving in the 
Singapore Armed Forces. 663 During the period of 1989 
to 1996,372 cases of melioidosis with 147 deaths were 
reported in Singapore, giving a mean annual incidence 
rate of 1.7 per 100,000 population. 664 

Eight cases of melioidosis were diagnosed on 
Hainan Island in China from October 1995 to Octo¬ 
ber 1996. 665 From 1989 to 1998, 206 cases of melioi¬ 
dosis were confirmed in the northern part of the 
Northern Territory of Australia, giving an incidence 
of 16.5 per 100,000 population. 666 

During the 1950s, cases of melioidosis were re¬ 
ported in French troops returning from Indochina 
after their military operations in the region. The US 
Army faced similar cases in troops returning from 
Vietnam. 667 A serological survey of US military per¬ 
sonnel who served on active duty in Vietnam for at 
least two months showed that 20.7% had positive 
titers, as opposed to 5.7% in the control group. 655 

Pathogenesis and Clinical Findings 

The incubation period for the infection can be 
as short as 2 days, or the infection can remain 
latent for more than 25 years. The clinical spectrum 
of melioidosis is protean, including acute fulminant 
septicemia, subacute illness, chronic infections, and 
subclinical disease. When latently infected patients 
manifest the disease after many years, usually it is 
in association with an immunocompromising illness 
such as diabetes mellitus, renal failure, systemic 
lupus, cirrhosis, alcoholism, or severe traumatic 
injury such as burns. 668 The infection can mimic 
various acute or chronic infections (eg, typhoid fe¬ 
ver, malaria, tuberculosis, coccidiodomycosis, his¬ 
toplasmosis). Correct clinical diagnosis at initial 
presentation is usually very difficult. Obtaining a 
compatible travel history should lead to inclusion 
of melioidosis in the differential diagnosis of any 
patient who is febrile and has an underlying dis¬ 
ease or injury that could compromise host defenses. 

The clinical presentation of septicemic melioido¬ 
sis varies from an ill-defined febrile illness to ful¬ 
minant septicemia. A history or clinical evidence of 
diabetes or uremia might suggest the diagnosis. In 
northern Thailand, melioidosis usually presents as 
acute septicemia, often resulting in metastatic ab¬ 
scesses in lungs, liver, and spleen and a rapid dete¬ 
rioration to shock and death. 669 

Subacute melioidosis can result from a primary 
infection that remains subacute or a reactivation of 
a previous infection. Most cases of melioidosis seen 
in nonendemic areas belong to this group. Patients 


may be asymptomatic or have symptoms indis¬ 
tinguishable from the common presentation of 
pulmonary tuberculosis. Recrudescent disease 
often involves the lungs, resembling reactivation 
tuberculosis with cavity formation in upper 
lobes. 668 

Chronic melioidosis may take the form of sup¬ 
purative abscesses involving numerous anatomic 
sites. Patients can have infections lasting for years 
without symptoms. Chest radiographs usually 
show apical cavitary disease resembling tubercu¬ 
losis; occasionally, patients may present with fever 
of unknown origin. 

Subclinical melioidosis results in a chronic car¬ 
rier state. The immune system probably suppresses 
the infection so no clinical disease develops. Once 
the host is immunocompromised, however, clinical 
disease can occur. 

Diagnostic Approaches 

Prompt diagnosis of melioidosis is important for 
initiation of treatment with the right combination 
of antibiotics. Definitive diagnosis of melioidosis 
is by culturing B pseudomallei from blood, sputum, 
pus, or urine during acute or subacute infections from 
any affected body fluid or source. The bacterium 
has been cultured from every body fluid except 
stool. It can be cultured on most routine laboratory 
media, and this is the main method of identifica¬ 
tion. The colonies appear rough and wrinkled, with 
a characteristic yeasty odor after 3 to 4 days' incu¬ 
bation. The use of selective media, such as the 
Ashdown's selective-differential agar medium, sig¬ 
nificantly increases the recovery of B pseudomallei 
from specimens with extensive normal flora (eg, 
sputum, specimens from the throat, rectum, and 
wounds). 669,670 

Serological methods such as the enzyme-linked 
immunosorbent assay, latex agglutination, and in¬ 
direct hemagglutination assay can also be used to 
diagnose melioidosis. Indirect hemagglutination is 
commonly used for diagnosis; it detects antibodies 
that can agglutinate the B pseudomallei crude antigens 
coated onto the surface of erythrocytes. Use of the 
assay as a diagnostic tool in endemic regions is lim¬ 
ited because of the background antibodies in a large 
portion of the healthy population living in endemic 
regions. In nonendemic regions, the assay is more sen¬ 
sitive and the cut-off titer of the assay is lower. 671 

Polymerase chain method has been developed for 
the detection of bacterial DNA in clinical samples. The 
method is rapid and sensitive, and it eliminates the 
need to propagate the pathogen. 672,673 Rapid immu- 
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noassays that work in 10 minutes have been devel¬ 
oped for the detection of melioidosis. The assays have 
a sensitivity of 100% for the IgG tests and 93% for the 
IgM tests, while specificity is 95% for both. 674 

Recommendations for Therapy and Control 

B psendomallei has been shown to be susceptible 
in vitro to ceftazidime, tetracyclines, sulfonamides, 
chlorophenicol, kanamycin, and novobiocin. 668 
Combinations of two or more antibiotics are usu¬ 
ally used for treatment of melioidosis. 675 The use of 
high-dose intravenous ceftazidime, with or with¬ 
out trimethoprim-sulfamethoxazole (TMP-SMX), is 
the choice of treatment for severe melioidosis. Other 
suitable antibiotic regimens include imipenem with 
amoxycillin/clavulanate and cefoperazone/ 


sulbactam with TMP-SMX. Potentially contami¬ 
nated wounds should be well cleaned as soon as 
possible. 

Exposure to B psendomallei in the environment 
can be minimized by taking precautions when in 
contact with soil and water. This includes wearing 
boots and gloves, especially for those at high risk 
because of traumatic wounds or a debilitating illness. 
Person-to-person and zoonotic spread is virtually 
nonexistent, and quarantine of patients is unneces¬ 
sary. Laboratory-acquired acute melioidosis, probably 
from the inhalation of an infectious aerosol, has been 
reported. 676 This underscores the need to take stan¬ 
dard biosafety precautions when handling respiratory 
and sinus drainage and the wastes and body fluids of 
infected persons and animals. 

[May-Ann Lee; Eric P. H. Yap] 
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RESPIRATORY PATHOGENS 


Introduction and Military Relevance 

Respiratory pathogens have plagued military 
populations throughout US history. Records from 
the War of 1812, the Spanish American War, and 
World War I document the devastation respiratory 
pathogens have caused and the inability of public 
health officials to control them. 1 ’ 3 Especially well 
documented are the epidemics that occurred dur¬ 
ing the mobilization for World War I. In 1918, a 30- 
day epidemic of Streptococcus pneumoniae infections 
occurred at a military camp in Illinois, causing 2,349 
hospital admissions for pneumonia and a 50% mor¬ 
tality rate. 4 During 1918, a 2-month military epi¬ 
demic of influenza in Little Rock, Arkansas, affected 
12,393 men and led to 1,499 cases of pneumonia, 
31% of whom died during treatment. 5 Other reports 
record that hemolytic streptococci ( Streptococcus 
pyogenes) were a continual cause of military epidem¬ 
ics of bronchopneumonia, empyema, and pharyn¬ 
gitis. In total, it was estimated that more than 1.4 
million US Army personnel suffered from respira¬ 
tory disease during World War I, accounting for 
more than 41% of all forms of disease and causing 
more than 77% (45,000) of Army disease deaths. 2 

Before antimicrobials were widely available, 
strategies to prevent military epidemics of respira¬ 
tory disease were not very successful. Generally, 
military public health officers could do little more 
than attempt to isolate and treat the afflicted with 
various therapies against streptococci, which in¬ 
cluded digitalis, whiskey, strychnine, and various 
horse sera. 6-8 Following the success of researchers 
in South Africa, US military officials attempted to 
control S pneumoniae epidemics at select US Army 
camps during World War I with a crude vaccine, 9,10 
but their efforts were unsuccessful. 3,11 Commenting 
on the trade-off between isolating the ill and com¬ 
promising the mission, one military physician of 
1917 wrote that "Exposure to infection and hard¬ 
ships which will result in deaths from pneumonia 
may be just as necessary as going into action with 
resulting deaths from gunshot wounds." 7 

Despite the limited effective interventions avail¬ 
able to public health officials in the preantibiotic 
era, they made important observations regarding 
the types of acute respiratory diseases and their 
apparent bacterial causes. Those officials noted that 
crowding greatly contributed to respiratory epi¬ 
demics 12,13 and that more important than reduced 
floor space in sleeping quarters was the number of 
men placed in the same room. 13 Southerners, blacks. 


and new military personnel from rural areas were 
thought to be at highest risk of developing pneu¬ 
monia. Measles and influenza epidemics were ob¬ 
served to trigger epidemics of S pneumoniae and S 
pyogenes infections. 14,15 

Senior military officers were determined to re¬ 
duce respiratory disease during the mass mobili¬ 
zation of personnel for World War II. Beginning in 
1941, the US Department of War established the 
Board for the Investigation and Control of Influenza 
and Other Epidemic Diseases in the Army. Later, 
this board assembled various commissions of sci¬ 
entific experts and established numerous public 
health and research facilities to study and prevent 
respiratory disease. 16 These joint military and uni¬ 
versity endeavors led to many of the antibiotic and 
vaccine prophylaxis interventions now used in mili¬ 
tary populations (Table 38-1). 

As a result of these and subsequent research ef¬ 
forts, today most US military personnel receive 
enzathine penicillin (BPG) or oral erythromycin 
rophylaxis, adenovirus vaccines (when available), 
uberculosis screening, and influenza vaccine duri¬ 
ng their first military training. This is followed by 
nnual influenza vaccination and periodic tubercul¬ 
osis screening throughout their military careers, 
he pathogens recognized to cause respiratory dise¬ 
ase among these young adults are similar to those 
ausing community-acquired disease among the 
eneral US adult population. 17-20 Most frequently, 
he pathogens include S pyogenes, Mycoplasma 
neumoniae, S pneumoniae, Chlamydia pneumoniae, 
denoviruses, influenza viruses, and rhinoviruses. 
ess frequently, military personnel also suffer inf¬ 
ections from Haemophilus influenzae, H parainfluenzae, 
egionella pneumophila, Moraxella catarrhalis, Bordetella 
ertussis, coxsackieviruses, respiratory syncytial 
irus, and parainfluenza viruses. The most signifi¬ 
cant pathogens to military populations are reviewed 
here in more detail. 

Streptococcus pyogenes 

S pyogenes is a leading cause of bacterial respira¬ 
tory morbidity among US military personnel. New 
military trainees are at particularly high risk of clini¬ 
cally significant infection. During the late 1940s and 
the 1950s, dedicated scientific teams, sponsored by 
Army Board Commissions, worked at a number of 
Army, Navy, Air Force, and Marine Corps training 
centers and made much progress in understanding 
and controlling this pathogen. 


1119 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


TABLE 38-1 

IMPORTANT EVENTS IN THE DEVELOPMENT OF MILITARY STRATEGIES TO PREVENT 
EPIDEMICS OF ACUTE RESPIRATORY DISEASE 


Event 


Year Reference 


Streptococcus pneumoniae vaccine is effective in South Africa 

First US Army troops receive an S pneumoniae vaccine—not effective 

Influenza virus discovered 

First influenza vaccine with protective results 

Daily oral sulfonamide therapy found to prevent recurrences of rheumatic fever among 
civilian populations 

US Navy administers oral sulfonamide therapy as mass prophylaxis with good success to eight 
large training stations that have high S pyogenes disease rates, but therapy-induced sulfa 
resistance among endemic S pyogenes strains 

Eaton agent is identified (later it is called Mycoplasma pneumoniae) and is found to cause much 
respiratory morbidity among military trainees 

First US Navy personnel receive S pyogenes vaccines—ineffective 

Oral penicillin therapy found to prevent rheumatic fever in civilian populations 

Procaine penicillin G injection therapy found to prevent rheumatic fever in military personnel 
with S pyogenes pharyngitis 

Oral penicillin first used in US military personnel with excellent prophylaxis success against 
S pyogenes 

Benzathine penicillin G first used among civilian populations to prevent S pyogenes infection 
Adenovirus discovered and later found to cause much respiratory morbidity among military 
trainees 

Benzathine penicillin G used prophylactically against S pyogenes among large populations of 
US military personnel 

Inactivated adenovirus vaccine (types 4 and 7) found effective among US military trainees 

Anew chlamydial pathogen is recognized (later called Chlamydia pneumoniae) and found to cause 
epidemics of respiratory morbidity among military trainees 
Oral adenovirus vaccines (types 4 and 7) found effective among military trainees 
Long absent, acute rheumatic fever epidemics recur among US military personnel 
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Maynard' * 1 

1918 

Cecil b 

1933 

Smith 1 

1936 

Chenoweth d 

1939 

Coborn" 

1944 

Coborn 1 * * * * * ' 8 * * 

1944 

Eaton, 11 

Chanock 1 

1944 

EUNo-22* 

1948 

Milzer k 

1950 

Denny 1 

1951 

NMRU-4" 

1951 

Stollerman" 

1954 

Hilleman," 
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1956 

Frank 8 
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Gaydos" 
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Description of the Pathogen 

S pyogenes is a Gram-positive coccus, or spherical 
bacteria, which, when grown on sheep blood agar, 
causes a clear zone of complete hemolysis ((3-hemoly¬ 
sis). It is distinguished from other (3-hemolytic 
streptococci by physiological and immunologic 
characteristics and by its implication as a cause of 
numerous acute clinical manifestations. S pyogenes 
strains are classified according to their capsular 
proteins, specifically T and M proteins. More than 
90 unique M protein types have been identified. M 
types 1, 3, and 18 are associated with acute rheu¬ 
matic fever, and M types 1, 3, 4,12, and 25 are often 
associated with glomerulonephritis. 

Epidemiology 

The epidemiology of S pyogenes infection has 
been well described in military populations. Stud¬ 
ies by military and university investigators in the 
1950s demonstrate that transmission is most often 
by direct contact or large respiratory droplets and 
not commonly by fomites. The bacteria are thought 
to be endemic throughout the world, with perhaps 
some variation in the endemnicity of certain strains. 
Without prophylaxis, recent serologic evidence 
demonstrates that as many as 24% of military train¬ 
ees may be infected over an 11-week period. 21 

Risk factors for serologic evidence of S pyogenes 
infection include being new to the military, crowd¬ 
ing, lack of prophylaxis, close contact with an S 
pyogenes carrier, and close contact with a trainee not 
on prophylaxis. 22 A retrospective study of civilians 
with invasive S pyogenes infections suggested that 
Native Americans, and persons older than 65 years 
may be at higher risk of severe S pyogenes disease. 23 
Active surveillance among Canadians have dem¬ 
onstrated that infection with human immunodefi¬ 
ciency virus, cancer, diabetes, alcohol abuse, and 
chickenpox are risk factors for invasive S. pyogenes 
disease. 24 

Pathogenesis and Clinical Findings 

S pyogenes colonizes respiratory mucosal cells, 
causing pharyngitis and other clinical manifesta¬ 
tions, such as fever and leukocytosis, in 36 to 72 
hours. The complex interaction of cellular and extra¬ 
cellular S pyogenes products with the host immune 
system is not well understood, but it is recognized 
that immunity to S pyogenes is type-specific. Some 
patients progress to more invasive forms of infec¬ 
tion, including streptococcal toxic shock syndrome, 
bacteremia, and necrotizing fasciitis. S pyogenes 


pyrogenic exotoxins A and B and other virulence 
factors have been implicated in severe infection. 
Numerous theories regarding the interaction of host 
immune response and S pyogenes virulence factors 
have been postulated; however, it remains unclear 
why one person is severely infected by a particular 
strain of S pyogenes and another person is merely 
colonized with the same S pyogenes strain and suf¬ 
fers no symptoms. 

S pyogenes, unlike other (3-hemolytic streptococci, 
is implicated as a cause of numerous acute clinical 
manifestations, such as pharyngitis, peritonsillar 
abscess, pneumonia, empyema, scarlet fever, necro¬ 
tizing fasciitis, myositis, bacteremia, and strepto¬ 
coccal toxic shock syndrome. S pyogenes also causes 
the nonsuppurative manifestations of acute rheu¬ 
matic fever and glomerulonephritis. The severity 
of S pyogenes infections has changed over time. In 
the late 1800s, epidemics of scarlet fever were com¬ 
mon and associated with high mortality rates. 25 
Today, epidemics of scarlet fever are relatively 
rare. 26 In a similar fashion, acute rheumatic fever 
was very common during the mobilization for 
World War II, with 21,000 cases recorded in the US 
Navy alone, 27 but, until the 1980s, few cases were 
detected among military populations. 28,29 Changes 
in disease rates have been attributed to changes in 
the prevalence of virulent strains of S pyogenes. 30 

Diagnostic Approaches 

Even in high-prevalence situations such as epi¬ 
demics, it is difficult to clinically distinguish S 
pyogenes pharyngitis from pharyngitis caused by 
other pathogens. Diagnosis is best made by culture 
or rapid antigen detection. Generally, a rapid anti¬ 
gen test is accepted if it is positive, but it should be 
confirmed by culture if it is negative. Because a high 
proportion of infected military persons may not 
seek medical attention despite symptoms, epide¬ 
miologic studies of S pyogenes generally are con¬ 
ducted by relying on serologic tests, particularly the 
antistreptolysin O test. A two-dilution rise in anti¬ 
streptolysin O titer is considered evidence of infec¬ 
tion. Generally, such a rise may be detected in 
paired sera drawn 2 to 3 weeks apart. Other sero¬ 
logic tests for S pyogenes infection include the 
antideoxyribonuclease B test, the antihyaluronidase 
test, and a hemagglutination test (Streptozyme). 
Some patients with glomerulonephritis or symp¬ 
toms of acute rheumatic fever may not demonstrate 
a rise in antistreptolysin O titer and should be evalu¬ 
ated further with antideoxyribonuclease B or 
antihyaluronidase tests before S pyogenes is elimi¬ 
nated as a cause. 
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Recommendations for Control 

Monthly BPG injections and twice-a-day oral 
erythromycin have an estimated efficacy of prevent¬ 
ing serologic evidence of infection of 45% 22 and 
56%, 31 respectively. 

Advances in S pyogenes control were first made in 
civilian populations just before World War II, when it 
was discovered that continuous antimicrobial therapy 
prevented recurrence of rheumatic fever. After World 
War II, it was learned that administering antibiotics 
to US military personnel with pharyngitis could re¬ 
duce the incidence of acute rheumatic fever. Eventu¬ 
ally, healthy military populations at high risk for S 
pyogenes disease were studied while being given mass 
antimicrobial prophylaxis against acute rheumatic 
fever, and this successful intervention became stan¬ 
dard practice for crowded training populations. 27,32 

Sulfonamides were among the first antibi- 
microbials available, and during the 1940s they 
were found to prevent military epidemics of acute 
respiratory disease. 27 Large field trials 33 of oral 0.5 
to 1.0 g of sulfadiazine given daily to healthy US 
Navy personnel resulted in an 85% reduction in the 
incidence of streptococcal infections and rheumatic 
fever; however, daily prophylactic use caused ex¬ 
foliative dermatitis and granulocytopenia in a small 
proportion of recipients. Bacteriostatic sulfonamide 
prophylaxis also often failed to eradicate S pyogenes 
from the nasopharynx of military personnel, and 
as soon as the therapy was discontinued, epidem¬ 
ics recurred. The most serious drawback occurred, 
however, when a Navy sulfonamide prophylaxis 
program reported that sulfonamide-resistant strains 
of S pyogenes had become endemic after only 1 year 
of routine prophylaxis. 27,34 After the failure of sul¬ 
fonamides, other methods to reduce morbidity from 
S pyogenes were attempted. Military public health 
officials tried various environmental controls, includ¬ 
ing reductions in crowding, 13 dust suppression, 35 
ultraviolet radiation, 36 and disinfectant vapors, 37 
with varying degrees of success. Chlortetracycline 
also was tested as a mass prophylaxis agent, but it 
caused significant gastrointestinal side effects. 38 
Military and university scientists also unsuccess¬ 
fully attempted to control S pyogenes epidemics with 
inactivated, type-specific vaccines 39 (Figure 38-1). 

Environmental controls, such as dust suppres¬ 
sion by oiling floors and blankets, were largely 
abandoned when it was learned that penicillins 
were effective in the treatment and prevention of S 
pyogenes disease. 27 Oral penicillin therapy was first 
shown in 1948 as effective in preventing recurrent 
rheumatic fever in civilian populations. 40 Later, both 


oral and procaine penicillin G were shown to be 
effective in preventing rheumatic fever among 
healthy, high-risk military personnel; however, the 
drug's use in large military populations was logis- 
tically difficult because of the need for frequent 
dosing. 38,41,42 The development of BPG in 1951 led 
to its successful, large-scale testing as a prophylactic 
in a military population in 1956. 43 BPG's long-acting 
prophylactic effect, assurance of compliance, and 
few side effects soon made it the standard prophylac¬ 
tic intervention for the US Department of Defense 
(DoD) against S pyogenes, and it remains an effective 
intervention tool today. 2, BPG also has been used 
to combat epidemics of S pneumoniae, 44 and it seems 
to have a broader protective effect than can be ex¬ 
plained by preventing S pyogenes disease alone. 45 

Despite the availability of antibiotic prophylaxis 
and surveillance programs among high-risk popu¬ 
lations, military epidemics of S pyogenes continue 
to occur. In recent years, these epidemics have taken 
the form of pharyngitis and acute rheumatic fe¬ 
ver. 22,27-29 An epidemic in 1989 of S pyogenes phar¬ 
yngitis among Marine Corps trainees demonstrated 
that BPG prophylaxis for non-penicillin-allergic 
trainees alone might not be sufficient because un¬ 
protected penicillin-allergic recruits were shown to 
serve as an S pyogenes reservoir for reinfecting their 
peers. 22 This led to the Navy's adoption of oral 
erythromycin prophylactic therapy for penicillin- 
allergic recruits. 21,22 

Currently surveillance among trainees and pre¬ 
ventive interventions vary among the military ser¬ 
vices. BPG (1.2 million units intramuscularly, once 
monthly) and oral erythromycin (250 mg orally, 
twice a day) interventions have been very effective 
in controlling S pyogenes epidemics. BPG remains 
effective for 2 to 4 weeks after injection. Oral eryth¬ 
romycin suffers from compliance problems due to 
its twice-daily dosing and gastrointestinal side ef¬ 
fects. Oral azithromycin (500 mg weekly) has been 
shown to have an 84% efficacy in preventing S 
pyogenes infection and may be considered as an al¬ 
ternate therapy when an agent with a broader spec¬ 
trum is desired. 31 

Reports of erythromycin-resistant S pyogenes iso¬ 
lates 46 and epidemics due to penicillin-tolerant S 
pyogenes strains 47,48 are causes for concern. Fortunately, 
thus far no penicillin-resistant S pyogenes isolates 
have been detected clinically; however, periodic 
surveillance of endemic strains among high-risk 
training populations should be conducted. This sur¬ 
veillance should contain antibiotic sensitivity test¬ 
ing of isolates, as well as strain typing. 

The best hope for preventing S pyogenes disease 
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Fig. 38-1. Respiratory disease hospital admission rates by week of training and treatment groups. Dust in barracks 
was controlled by oiling floors and bed blankets; irradiated barracks indicates that ultraviolet radiation lamps were 
hung from ceilings and placed on floors. Lamps were on for 24 hours each day. 

Reprinted, with permission from the Journal of Infectious Diseases from Miller WR, Jarrett ET, Willmone TL, Alexander 
H, Brown EW, et al. Evaluation of ultraviolet radiation and dust control measures in control of respiratory disease at 
a naval training center. J Infect Dis. 1948;82:86-100. 


among military populations lies with the develop¬ 
ment of vaccines. Several approaches are being con¬ 
sidered, including immunologic presentations of 
shared epitopes of various capsular M proteins. 
Vaccines, however, most likely will not be available 
for a number of years. 

Streptococcus pneumoniae 

A frequent cause of pneumonia in adults, S 
pneumoniae (pneumococcus) infections cause signifi¬ 
cant morbidity among US military populations. In 
the preantibiotic era, S pneumoniae infections could 
lead to large epidemics exceeding several hundred 
cases, particularly after influenza outbreaks. Today, 
epidemics caused by infection with S pneumoniae 
occur less often, but they remain a threat. Recently, 
an epidemic of pneumonia (128 hospitalizations) 
was recorded among Marine Corps trainees in 
southern California, triggering mass BPG and pneu¬ 
mococcal vaccine injections 44 (Figure 38-2). 



Fig. 38-2. The close and frequent person-to-person contact 
of trainees make military recruit training a very efficient 
time for respiratory pathogen transmission. 
Photograph: Courtesy of Captain Gregory C. Gray, US 
Navy. 
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Description of the Pathogen 

S pneumoniae is an ovoid. Gram-positive coccus 
that often forms distinctive pairs and chains. It 
grows well on sheep blood agar, causing partial 
hemolysis (3-hemolysis), and it is distinguished from 
other streptococci by chemical growth inhibition 
and immunologic reaction. Eighty-four recognized 
strains or types are classified by their distinct cap¬ 
sular polysaccharides. 

Epidemiology 

S pneumoniae is spread by respiratory droplets or 
person-to-person contact. It is thought not to have 
geographical limitations, but data are sparse re¬ 
garding the geographical distribution of capsular 
types. The incidence of disease among military per¬ 
sonnel has not been well studied. US Navy data from 
1981 to 1991 suggest that S pneumoniae causes approxi¬ 
mately 12% of Navy and Marine Corps pneumonia 
hospitalizations, which occur at a rate of 9.5 per 
100,000 person-years. 49 Because the incidence of 
outpatient disease is unknown and there are diag¬ 
nostic difficulties identifying this pathogen, these 
estimates greatly underestimate its impact. Person¬ 
nel at increased risk include individuals who are 
immunocompromised; are asplenic; or have sickle cell 
disease, renal disease, or diabetes mellitus. Military 
recruits are at high risk of S pneumoniae infection. 

Pathogenesis and Clinical Findings 

S pneumoniae is often found on the epithelium of 
healthy nasopharynx tissue, and its pathogenesis 
is not well understood. Other respiratory patho¬ 
gens, especially viruses, may serve as a cofactor for 
invasion of local tissue by S pneumoniae, which if 
unchecked, may lead to clinical disease. Immunity 
is capsular, type-specific, and thought to last for years. 

S pneumoniae causes various forms of pneumo¬ 
nia, meningitis, empyema, bacteremia, conjunctivi¬ 
tis, sinusitis, and arthritis. 

Diagnostic Approaches 

Because S pneumoniae is considered normal, oral 
bacterial flora, it is difficult to confidently diagnose 
infection from the oral pharynx. The accepted clini¬ 
cal diagnostic gold standard is bacterial culture 
from a normally sterile site. Blood cultures from 
patients with pneumonia caused by S pneumoniae, 
if studied before antibiotic administration, should 
be positive 20% of the time. A clinically expedient and 
alternative diagnostic tool for S pneumoniae pulmo¬ 


nary infection is a well-prepared sputum specimen. 
Gram-stained sputum specimens should contain 
few to no squamous cells per low-powered micro¬ 
scopic field. The numerous serologic techniques 
available to assess S pneumoniae infection generally 
are confined to research institutions and involve 
detecting antibody to pneumococcal proteins or 
capsular polysaccharides. Generally, a rise in antibody 
titer from acute to convalescent sera is considered 
evidence of recent infection. Latex agglutination 
tests for pneumococcal antigens in urine has been 
found to have poor sensitivity but good specificity 
and are valuable when positive. 50 

Recommendations for Control 

For military personnel, the 23-valent polysaccha¬ 
ride pneumococcal vaccine is the best protection 
against S pneumoniae infection. In 1991, the Armed 
Forces Epidemiological Board recommended a 
single dose of this vaccine be given to asplenic in¬ 
dividuals and military personnel at bases with high 
prevalence of pneumonia. It is used routinely in 
high-risk Marine Corps trainee populations during 
the winter months. BPG, 1.2 million units intramus¬ 
cularly, has been used to combat pneumococcal 
pneumonia epidemics, but it has never been evalu¬ 
ated for efficacy. 44 A study 31 of oral azithromycin (500 
mg weekly) demonstrated an 80% efficacy of prevent¬ 
ing serologic evidence of pneumococcal infection. 

The recent rapid spread of clinically important, 
penicillin-resistant S pneumoniae strains throughout 
the United States and other developed countries has 
frustrated clinicians. 51,52 National US surveillance 
has demonstrated increasing prevalence of penicil¬ 
lin-resistant strains and increasing numbers of 
strains and serotypes resistant to multiple antibiot¬ 
ics. National public health panels have called for 
increased surveillance for antibiotic resistance 
among S pneumoniae isolates, careful use of antibi¬ 
otics, and increased use of pneumococcal vaccine 
among high-risk populations. 53 

Mycoplasma pneumoniae 

Long before microbiologists had distinguished 
agents causing acute respiratory disease, differences 
were noted in the clinical manifestations of 
pneumonias. Military personnel frequently suffered 
from acute pneumonia, which was milder than lo¬ 
bar pneumonia. Although this atypical pneumonia 
demonstrated significant pulmonary involvement 
on chest radiographs, patients lacked the high fe¬ 
ver, pleuritic chest pain, and rigor associated with 
lobar pneumonia caused by S pneumoniae. In some 
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US Army camps, 85% to 90% of pneumonias were of 
the atypical variety. 54 The agents (or agent) causing 
this atypical pneumonia or primary atypical pneumo¬ 
nia were a matter of some debate. Often, patients with 
atypical pneumonia had positive cold agglutinin 
tests. In 1944, Eaton described his DoD-funded re¬ 
search, which demonstrated that a filterable agent 
(later named Mycoplasma pneumoniae) taken from 
patients with atypical pneumonia could cause pul¬ 
monary lesions in rats. 55 In 1961, Chanock 56 reported 
that M pneumoniae was responsible for 68% of atypi¬ 
cal pneumonias among Marine Corps trainees and 
that as many as 41% of recruits had serologic evi¬ 
dence of infection during a 3-month training period. 

Description of the Pathogen 

M pneumoniae lacks a rigid cell wall and is much 
smaller than other bacteria. It grows very slowly 
on special nutrient agar, and isolation techniques 
most often are performed by reference laboratories. 
M pneumoniae grows on the surface of the epithe¬ 
lial cells that line the respiratory tract. Generally, it 
is not considered an agent of the nasopharyngeal 
flora. Due to its extracellular existence, however, it 
may be found in respiratory excretions weeks after 
clinical disease has resolved. 

Epidemiology 

M pneumoniae is transmitted by respiratory drop¬ 
let inhalation or person-to-person contact and has 
a worldwide geographical distribution. Among US 
military populations, infection risk increases in late 
summer, 57 and females may be at higher risk of 
infection than males. 49,58 ' 59 Certainly, crowding contrib¬ 
utes to infection risk. Antibody to this pathogen is 
common among young adults. A recent study 60 dem¬ 
onstrated that on entry into the service, 58% of Ma¬ 
rine trainees had evidence of previous infection 
with M pneumoniae. The prevalence and incidence 
of infection among US military training populations 
as measured by serologic antibody titer change is 
high, especially during outbreaks. One study 56 dem¬ 
onstrated seroconversion in as many as 57% of re¬ 
cruits during an 11-week period. Routine incidence 
in military training centers is more likely similar to 
the 6% to 8% detected among recent Marine Corps 
training populations during 3-month periods. 31,60 

Pathogenesis and Clinical Findings 

Because of the low mortality and diagnostic dif¬ 
ficulties, the pathogenesis of M pneumoniae infec¬ 
tions has not been well determined. The pathogen 


adheres to epithelial cell receptors. After infection, 
antibodies to M pneumoniae surface antigens are 
formed, which offer protection from further infection. 
Many M pneumoniae infections evoke immunoglo¬ 
bulin M (IgM) autoantibody, which agglutinates 
human erythrocytes (cold agglutinins) and, in some 
cases, may trigger an autoimmunogenic myco¬ 
plasma-receptor complex. 36 

M pneumoniae infections are noted for their 
gradual onset of symptoms, dry cough, malaise, 
headache, and chills. Although some infections may 
be asymptomatic, M pneumoniae commonly causes 
a pharyngitis and may cause bronchopneumonia 
with patchy pulmonary infiltrates radiating from 
hilar areas. Occasionally, M pneumoniae may cause 
severe pneumonia or severe disease of the central 
nervous system, including meningoencephalitis, 
aseptic meningitis, ascending paralysis, and trans¬ 
verse myelitis. M pneumoniae also has been reported 
to cause various forms of cardiac disease, and nu¬ 
merous dermatological conditions. 61 

Diagnostic Approaches 

M pneumoniae may be isolated from the nasophar¬ 
ynx after several weeks of incubation on special 
nutrient agar. For the best yield, a pharyngeal culture 
should be inoculated immediately into nutrient agar 
broth for incubation. Reference laboratories will 
need several weeks to isolate and identify M 
pneumoniae from clinical specimens. It is distinguished 
from other mycoplasmas by colony morphology, 
growth, and metabolic inhibition. Identification 
may be confirmed with serologic or molecular 
methods. 

Clinically, the diagnosis of M pneumoniae infection 
may be presumed if the symptom complex is con¬ 
sistent with disease and the patient has a positive 
cold agglutinin test (titer > 1:32 in convalescent 
sera). A positive test is more common with severe 
pneumonia. However, this test lacks sensitivity in 
that approximately 50% of infected patients may 
have a negative cold agglutinin test. The cold ag¬ 
glutinin test is additionally problematic in that it 
may be falsely positive in the presence of hemato¬ 
logic and hepatic diseases. Alternatively, acute M 
pneumoniae infection may be diagnosed by detect¬ 
ing high IgM titers specific for M pneumoniae 62 or 
by detecting M pneumoniae-speciiic nucleic acid 
with polymerase chain reaction assay (PCR). 63,64 
Although several commercial diagnostic kits have 
been marketed for rapid diagnostic use in the clini¬ 
cal laboratory, their sensitivity and specificity have 
not approached that of reference laboratory sero¬ 
logic assays. 
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Two serologic tests, complement fixation assay 
and enzyme-linked immunosorbent assay (ELISA), 
have been used effectively to detect M pneumoniae 
in epidemiologic studies. Generally, these tests are 
performed by a reference laboratory, and a 4-fold 
rise in antibody titer by either method (acute symp¬ 
tom sera to 3- to 4-week convalescent sera) is ac¬ 
cepted as evidence of recent infection. 62,65 

The DoD conducts no specific surveillance for M 
pneumoniae infection among military populations. 
The US Army's surveillance program for acute res¬ 
piratory disease 45 includes morbidity from M 
pneumoniae, but only in the aggregate with that from 
other pathogens. At present, the DoD has no sus¬ 
tained M pneumoniae research program and no M 
pneumoniae reference laboratory. Military investiga¬ 
tors must rely on other academic or federal labora¬ 
tories for diagnostic assistance. 

Recommendations for Control 

Few options are available for combating M 
pneumoniae epidemics. Although several studies 66,67 
have demonstrated that preexisting antibody titers 
against M pneumoniae may prevent infection and 
vaccine candidates were tested in the 1960s and 
1970s with mixed success, 68-70 no vaccine is avail¬ 
able. In 1965, a 10-day course of oxytetracycline was 
used to prevent disease in family members of pa¬ 
tients. 59 This four-times-a-day regimen was reported 
to have had a prophylactic effect. This result, how¬ 
ever, has never been validated. Navy researchers 
have demonstrated that weekly oral azithromycin 
(500 mg) has a 64% protective serologic efficacy 
against M pneumoniae among Marines, and this 
strategy may hold some promise. 31 

Chlamydia pneumoniae 

First accepted as a new species in 1989, 
Chlamydia pneumoniae has been found to be a fre¬ 
quent cause of acute respiratory disease in mili¬ 
tary personnel. In Norway and Finland, C 
pneumoniae has been shown to infect as many as 
56% of military recruits. 19 The agent is thought 
to cause approximately 8% of pneumonias in the 
United States. 71 

Description of the Pathogen 

Like all Chlamydia, C pneumoniae is an obligate 
intracellular parasite, depending on its host cell for 
nutrients. It grows poorly on special media and is 
sensitive to freeze-thaw cycling. 


Epidemiology 

Recently recognized and difficult to diagnose, C 
pneumoniae has not been exhaustively studied. 
The pathogen is transmitted by person-to-person 
contact and respiratory droplets. 72 It has been found 
in many parts of the world and is thought to be 
both endemic and epidemic in some populations, 
with outbreaks lasting from 4 months to 3 years. 73 
No seasonal variation in risk is apparent. 74 The 
prevalence of antibodies in adults is thought to av¬ 
erage about 50%, 75,76 with a higher proportion of 
men having antibodies than women. 77 The patho¬ 
gen is considered responsible for about 10% of 
pneumonias worldwide, with seroconversion peak¬ 
ing during teenage years, at about 10% per year. 78 
Military training populations may suffer higher 
rates of infection. A1989 study 60 of US Marine Corps 
recruits demonstrated seroconversion in 3.9% of 
them during an 11-week training period. Another 
trainee study 31 conducted in 1994 found evidence 
of seroconversions in 8% during a 63-day training 
period. Risk factors for C pneumoniae infection are 
not well defined. As military recruits seem to be 
at higher risk, crowding probably plays a role in 
transmission. 

Pathogenesis and Clinical Findings 

Limited data are available regarding pathogen¬ 
esis caused by C pneumoniae. The pathogen multi¬ 
plies in macrophages, various connective tissues, and 
smooth muscle cells. 79 A 1989 study 60 of Marines 
suggested that a preexisting antibody is protective 
against serologic evidence of infection. Evidence 
exists, however, that humans may be reinfected 
with C pneumoniae. Generally, reinfection results in 
milder disease, but among the elderly, reinfections 
may lead to severe disease. 80,81 

Many infections may be asymptomatic, and clini¬ 
cal manifestations are often insidious. C pneumoniae 
has been implicated in causing pharyngitis (often 
with hoarseness), 74 sinusitis, bronchitis, and lower 
respiratory tract infections. C pneumoniae- infected 
patients often do not have a marked fever or an el¬ 
evated white blood count. Some evidence shows 
that C pneumoniae may be associated with coronary 
artery disease, 82 reactive airway disease, 83,84 and 
chronic pharyngitis. 85 

Diagnostic Approaches 

Difficulties in diagnosing C pneumoniae infection 
are numerous. The pathogen is difficult to culture 
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(sensitivity -50%), 79 and, because of evidence of an 
asymptomatic carriage, 86,87 some authors argue that 
isolation apart from other evidence of infection may 
be misleading. Two serologic methods have been 
used to diagnose C pneumoniae infection among 
young adults: complement fixation and micro-im¬ 
munofluorescence. Generally, a 4-fold rise in titer 
from acute to convalescent sera is considered evi¬ 
dence of recent infection. A high acute microim¬ 
munofluorescence IgM titer also is accepted. 88 
Complement fixation is less sensitive than the 
microimmunofluorescence method, but the latter is 
technically more difficult and subject to significant 
reader error. 79 Neither method is widely available, 
and investigators must rely on reference laborato¬ 
ries for support. Both serologic methods may be 
confounded by C trachomatis infections, which may 
cause cross reactions. 79,89 Several different PCR di¬ 
agnostic methods have been developed. 90,91 Dacron 
swabs are recommended, because other swab types 
may inhibit PCR technique. 

Recommendations for Control 

The only evidence of an effective intervention has 
been the data suggesting that weekly oral azithro¬ 
mycin (500 mg) has a 58% efficacy in preventing 


serologic evidence of infection. 31 Because effective 
diagnostic tests are not commercially available, the 
DoD does not conduct routine surveillance for C 
pneumoniae. No vaccine is available. 

Influenza 

Before vaccines were available, influenza out¬ 
breaks could devastate a military population in a 
matter of weeks. A1919 report of a 2-week outbreak 
of influenza in an Arkansas military camp recorded 
that the camp hospital received 188 to 486 influenza 
admissions per day, overwhelming hospital staff, 
who themselves had a 25% incidence of disease. 92 
Despite the availability and annual use of influenza 
vaccine, epidemics still occur among US military 
populations. During 1996, a Navy ship with a 551- 
person crew had a 42% attack rate, although 95% 
of the men had recently received influenza vaccine 
(G.C.G., unpublished data, 2000). Viral isolates in¬ 
dicated that the epidemic strain was not covered 
by that year's vaccine (Figure 38-3). 

Description of the Pathogen 

Some of the most studied viruses, influenza vi¬ 
ruses are recognized for their antigenic variation 
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Fig. 38-3. Respiratory dis¬ 
ease hospitalizations for in¬ 
fluenza, acute bronchitis, 
and primary pneumonia at 
Army Camp Funston in Fort 
Riley, Kansas, from 20 Sep¬ 
tember 1917 to 20 August 
1918. 

Adapted by Phil Larkins 
with permission from: Opie 
EL, Freeman AW, Blake FG, 
Small JC, Rivers TM. Pneu¬ 
monia at Camp Funston. 
JAMA. 1919;72:114. Copy¬ 
right 1919, American Medi¬ 
cal Association. 
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and classified into 3 types: A, B, and C. The viruses, 
especially types A and B, vary their antigenic presenta¬ 
tion and cause cyclical pandemics. Type A influenza 
virus is classified by the antigenic presentation of 
its surface glycoproteins—hemagglutinin and 
neuraminidase. Mutations in the genes for these 
glycoproteins have caused pandemics throughout 
recent history (1889, 1918, 1957, and 1968). A major 
change in glycoproteins is known as an antigenic 
shift, minor changes as antigenic drift. Type B in¬ 
fluenza virus also is recognized for antigenic drift, 
but its antigenic variation is less than that of type 
A. Type C influenza virus causes sporadic disease 
and varies its antigenic presentation to a lesser ex¬ 
tent than do types A and B. 

Epidemiology 

The influenza viruses generally are transmitted 
by person-to-person contact or through droplet 
spread from sneezing or coughing. Influenza vi¬ 
ruses vary geographically in their antigenic 
makeup, and surveillance for type A variants is con¬ 
ducted worldwide. Surveillance information is used 
to anticipate epidemics and select antigenic com¬ 
ponents for vaccine production. 

Influenza epidemics often are explosive and 
result in high mortality. The 1918-1919 influenza 
pandemic resulted in an estimated 20 million 
deaths. 93 During epidemics, more than 40% of 
a military population may be affected during a 
brief period. 94 Persons at highest risk of experienc¬ 
ing severe clinical symptoms from influenza infec¬ 
tion are those with chronic cardiac, pulmonary, 
or renal conditions; those with diabetes mellitus or 
immunosuppression; pregnant women; and the 
elderly. 

Pathogenesis and Clinical Findings 

The influenza virus invades the host via the up¬ 
per respiratory tract. Viral particles penetrate host 
respiratory epithelial cells, replicate, and infect 
neighboring cells. Peak viral loads are reached 
within 24 hours. Influenza virus is thought to re¬ 
main largely in the respiratory tract. Both secretory 
and serum antibodies are involved in host defense 
against influenza virus invasion. After natural in¬ 
fection, immunity to influenza virus with those 
antigens wanes after several years. 

Clinically, influenza viral infection may range in 
manifestations from asymptomatic or cold-like 
symptoms to severe pneumonia leading to death. 
The viruses may cause chills, fever, headache, my¬ 
algia, sore throat, backache, sneezing, anorexia. 


nausea, vomiting, and cough. Pneumonia is a serious 
complication and is often associated with concomi¬ 
tant secondary bacterial infections. 

Diagnostic Approaches 

Influenza is diagnosed by viral culture, antigen 
detection, or association with other laboratory-proven 
clinical cases. Diagnoses also may be made retrospec¬ 
tively in epidemiological studies by serologic assay. 

Recommendations for Control 

DoD-sponsored research 95,96 demonstrated the 
safety and effectiveness of using amantadine pro- 
phylactically to prevent influenza infection among 
close contacts of those infected. Today, both aman¬ 
tadine and rimantadine are still so used, but recent 
evidence suggests that viruses resistant to both 
drugs may emerge. 97,98 

Although vaccine work began shortly after the 
discovery of the influenza virus (see Table 38-1), 
progress was slow due to viral antigenic variation. 
An article on the first attempt at human influenza 
vaccination was published in 1936." Early influenza 
A vaccines contained contaminants from the em- 
bryonated egg culture and caused considerable re¬ 
actions. Additionally, the varying antigenic makeup 
of influenza isolates was not well understood, and 
results from early vaccine studies were mixed. 

In 1943, the DoD sponsored some of the first in¬ 
fluenza vaccine testing among military students at 
several US sites. 100,101 One of the earliest combined 
influenza A and B vaccine trials among US military 
students demonstrated a protective efficacy of 69% 
and greatly encouraged more research. 101 The DoD 
continued to test various types of influenza vac¬ 
cines, both inactivated and attenuated, 94,102 and 
these studies led to the present successful strategy 
of altering yearly the antigenic makeup of this vac¬ 
cine. Numerous public health organizations conduct 
surveillance for influenza infections. The focus of such 
surveillance is the antigenic makeup of wild viruses. 
Today, the military relies on a whole-cell, inactivated 
type of vaccine, which combines the antigenic makeup 
of type A and B viruses considered to be most threat¬ 
ening for the year ahead. This vaccine is given annu¬ 
ally to all US military personnel. 

Adenovirus 

Soon after the discovery of adenovirus in 
1953, 103,104 it was learned that this pathogen was an 
important cause of acute respiratory disease among 
military personnel, especially recruits. 105 
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Description of the Pathogen 

Adenovirus has been classified into 51 serotypes. 
These serotypes may have antigenically recognizable 
subtypes. Serotypes 4 and 7 account for most mili¬ 
tary adenovirus respiratory epidemics. Serotypes 3, 
12, 14, and 21 also cause acute respiratory disease 
among military populations but to a lesser extent. 

Epidemiology 

Adenoviruses are transmitted through respiratory 
droplets and person-to-person contact. Adenoviruses 
are thought to have a worldwide distribution, and 
incidence rates among military trainees often have 
been high, especially during winter months. 107-109 

Before vaccines were developed, adenovirus infec¬ 
tions caused 10% of US Army recruits to be hospital¬ 
ized and, during winter months, explained 90% of all 
hospital admissions of recruits. 106 Hillman also esti¬ 
mated that during the winter months, adenoviruses 
accounted for 77% of all recruit respiratory dis¬ 
ease. 107 Most often, adenovirus infections occurred 
during the first 3 weeks of recruit training, 108 and 
only the newest military personnel were affected. 109 
However, among US Marine Corps trainees, infec¬ 
tion was often delayed until postrecruit train¬ 
ing. 110,111 In general, military trainees were found to 
be at much higher risk of infection than were simi¬ 
lar civilian populations. 

Pathogenesis and Clinical Findings 

Studying adenoviruses is confounded by asymp¬ 
tomatic carriage and asymptomatic infection. 112,113 
It is not understood why some people suffer sig¬ 
nificant clinical disease when infected and others 
remain asymptomatic. Some evidence indicates that 
adenovirus infection, when associated with infec¬ 
tion from other respiratory pathogens, results in 
more severe disease. 114 The virus is thought to in¬ 
vade respiratory tissues and, after a several-day 
incubation period, to cause clinical disease and 
sometimes viremia. Some adenoviruses may cause 
prolonged infection, such as chronic pharyngitis. 
Evidence also suggests that latent adenovirus in¬ 
fection may reactivate and cause clinical disease in 
the immunocompromised. 

Adenovirus respiratory disease often causes fe¬ 
ver, cough, pharyngitis, and rhinitis. The infection 
may progress to a lower respiratory tract infection, 
which is generally milder than that caused by S 
pneumoniae. Adenoviruses also cause gastrointesti¬ 
nal symptoms, epidemic keratoconjunctivitis, and 
epidemic pharyngoconjunctival fever, but respira¬ 


tory disease is the most common presentation 
among military recruits. 

Diagnostic Approaches 

Today, adenoviruses are detected through culture 
and various antigen or nucleic acid detection tech¬ 
niques. Culture and identification of adenovirus are 
relatively easy; however, serotyping traditionally 
requires a reference laboratory to perform neutral¬ 
ization tests using specific horse or rabbit antisera. 
In patients with symptoms, the detection of aden¬ 
ovirus generally is accepted as evidence of infec¬ 
tion. Epidemiologic studies often rely on serologic 
evidence of infection, which is gained through 
several methods, including complement fixation, 
neutralization tests, hemagglutination-inhibition 
antibody tests, and ELISA tests. 115,116 

Recommendations for Control 

The DoD has developed a number of adenovirus 
vaccines. 117,118 Early inactivated vaccines against 
serotypes 3,4, and 7 were effective, given separately 
or in combination, in greatly reducing military recruit 
respiratory morbidity. 117 The inactivated vaccines 
suffered from production difficulties, however, and 
some seed virus cultures were contaminated with 
other viruses. 119,120 Later, live vaccines were devel¬ 
oped for serotypes 4, 7, and 21. These vaccines 
caused excellent seroconversion and had few side 
effects when given orally as enteric-coated tablets. 
The success of the serotypes 4 and 7 vaccines led 
to their adoption by the DoD as routine preventive 
therapy in the early 1970s, and they remain very ef¬ 
fective, when available. 119 Because of the infrequency 
of military epidemics from serotype 21 virus, the 
serotype 21 vaccine was not developed further or 
used. In addition to vaccine intervention, DoD 
researchers also explored prophylactically admin¬ 
istering serum immune globulin against acute res¬ 
piratory tract infection. Results of these trials were 
mixed; some show a protective effect but not as pro¬ 
tective as adenovirus vaccine. 121-123 

Due largely to economic reasons, the sole manu¬ 
facturer of adenovirus vaccines ceased production 
in 1996. The last stores of adenovirus 4 and 7 vac¬ 
cines were depleted in early 1999. Subsequently, large 
adenoviral respiratory disease epidemics occurred 
among numerous US military populations, 124-127 
causing costly morbidity and loss of training time. 
Recent serological studies demonstrate that ap¬ 
proximately 90% of trainees enter military service 
are susceptible to either type 4 or type 7 adenoviral 
infection. 128 Despite this current and likely future 
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morbidity and cost-benefit studies 129,130 that dem¬ 
onstrate large financial savings with vaccine use, 
at the time of this writing the Department of De¬ 
fense had not yet secured a new adenovirus vac¬ 
cine manufacturer. 

Emerging Pathogens 

With the myriad available antibiotic therapies 
and an assortment of effective vaccines, one might 
think that today's military preventive medicine 
personnel are well equipped to control most respi¬ 
ratory diseases. This might be true if pathogen-host 
relationships were not changing, but most certainly 
they are, and military populations continue to suf¬ 
fer from respiratory disease. In the 1980s, along with 
the more-virulent S pyogenes isolates came a newly 
recognized manifestation of infection, streptococcal 
toxic shock syndrome. 131 This syndrome and other 
forms of invasive S pyogenes infection with the same 
rapid tissue destruction and high mortality rates, such 
as necrotizing fasciitis, have caused considerable 
alarm among military populations. Risk factors for 
these rare invasive diseases have not been well iden¬ 
tified, but available data suggest that persons with 
human immunodeficiency virus infection, diabetes, 
cancer, or varicella infection or who abuse alcohol may 
be at increased risk. 132 

The success of various antibiotics in controlling S 
pneumoniae and S pyogenes infections may soon be 
overshadowed by the pathogens' development of re¬ 
sistance to penicillin and erythromycin. Already some 
DoD clinicians have changed empirical therapies, and 
the increasing prevalence of antimicrobial resistance 
promises to be a continual military problem. 

Some successful childhood vaccines have caused 
unexpected adult pathology by postponing natu¬ 
ral infection until the adult years. Such is the case 
with Bordetella pertussis ; studies 133 have shown that 
the childhood immunity induced by pertussis vac¬ 
cine wanes in adulthood, and the proportion of US 
adults susceptible to infection has increased with 
time. A recent study 134 has shown that up to 26% of 
university students who report 6 or more days of 
cough may have evidence of acute pertussis. A simi¬ 
lar study 135 of coughing Marine Corps trainees in 
1989 demonstrated that 17% were infected. Since 


Introduction and Military Relevance 

Meningococcal disease is currently an infrequent 
yet important problem for the military medical of- 
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Fig. 38-4. Increasing numbers of US adults susceptible 
to pertussis, in millions of persons by year. 

Adapted by Phil Larkins with permission of the Pediatric 
Infectious Disease Journal from: Bass JW, Stephenson SR. 
The return of pertussis. Pediatr Infect Dis J. 1987;6:141-144. 

the yield of oral culture among B pertussis adults is 
poor and no good, rapid diagnostic techniques are 
available, recognizing such infections will be a prob¬ 
lem for tomorrow's military clinician (Figure 38-4). 

Summary 

Respiratory disease remains a major cause of mor¬ 
bidity for today's military populations. Despite a 
number of preventive measures military personnel 
still suffer morbidity for S pyogenes, S pneumoniae, M 
pneumoniae, C pneumoniae, influenza, and adenovirus 
infections. Respiratory outbreaks often occur in an ex¬ 
plosive fashion, and if the etiologic agent or agents 
are not easily recognized, the military preventive 
medicine officer may face a dilemma: wait for defini¬ 
tive diagnosis while the epidemic continues to build, 
or venture an empiric intervention that may later be 
judged inappropriate or expensive, and may have its 
own morbidity. Having an understanding of the most 
common pathogens, as describe din this chapter, and 
an understanding of their epidemiology (Table 38-2) 
prepares the preventive medicine officer to make good 
public health recommendations. 

[Gregory C. Gray, MD, MPH] 

2AL DISEASE 

ficer. Few, if any, infections can kill as quickly or 
panic the population involved so thoroughly. De¬ 
spite significant gains in knowledge, the disease 
remains an enigma. It is caused by an exceedingly 
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TABLE 38-2 

CHARACTERISTICS OF INFECTIOUS AGENTS TO CONSIDER DURING MILITARY EPIDEMICS 


Incubation 
Period (d) 

Organism 

Epidemiologic and Clinical Clues 

1-3 

Influenza viruses 

Very acute onset; headache, fever, malaise; onset may be followed by bacte¬ 
rial pneumonia; affects both veteran and new military personnel 

1-3 

Streptococcus pyogenes 

Acute onset; sore and inflamed throat, fever; often associated with epidemics 

1-3 

Streptococcus pneumoniae 

Frequently preceded by viral infections; acute onset; high fever, rigors; often 
causes lobar pneumonia; often produces a characteristic sputum 

4-12 

Adenovirus 

Acute onset; affects new military personnel; mild disease but can cause pneu¬ 
monia; affects new military personnel 

6-20 

Bordetella pertussis 

Gradual onset; adults generally have cough for 7 or more days; cough is se¬ 
vere and with paroxysms 

6-32 

Mycoplasma pneumoniae 

Gradual onset; cough, malaise, chills but no rigor, mild pneumonia; 50% with 
positive cold agglutinins 

10-30 

Chlamydia pneumoniae 

Acute or gradual onset; pharyngitis, cough, hoarseness, fever; sputum is 
sparse; illness is generally mild 


common, commensal organism that rarely results 
in symptomatic illness. The reasons for this com¬ 
mon organism causing rare endemic disease, spo¬ 
radic localized outbreaks, and periodic massive 
epidemics are not entirely clear. Although prima¬ 
rily a disease of children, adults brought together 
into crowded living conditions (eg, prisoners, mili¬ 
tary recruits) are at greatly increased risk of disease. 

The Napoleonic armies experienced the meningite 
de congelation described by Baron Larrey in 1807. 
Not until 1886, however, when Weischelbaum noted 
the diplococcus on microscopic examination of 
cerebrospinal fluid of a Viennese victim, was the 
diagnosis of meningococcal disease well defined. 
Reliable rates of meningococcal disease in the US 
Army extend back to about 1900. Increased annual 
incidence of disease was clearly documented in as¬ 
sociation with military campaigns, to include the 
occupation of Cuba in 1907 (50/100,000) and the 
mobilization along the Mexican border in 1913 (35 / 
100,000). In 1917 in association with the mobiliza¬ 
tion for World War I, rates of meningococcal dis¬ 
ease exceeded 150/100,000 per year in the Army. 
As with the Mexican border mobilization, the 
abrupt increase in incidence was a result of epidem¬ 
ics in training camps and not from increased dis¬ 
ease in seasoned, deployed troops. 136 

The last major wave of meningococcal disease to 
occur in the United States, both military and civil¬ 
ian, occurred in 1945. Significant outbreaks contin¬ 
ued to occur at US military bases in the 1960s and 


1970s, more than one of which resulted in the tem¬ 
porary closure of a basic training camp. 136-138 

While the use of antibiotics in the 20th century 
has drastically improved the outcome of meningo¬ 
coccal disease, case-fatality rates of 5% or more are 
still seen under optimal conditions. Medical re¬ 
search, much of it by the US armed services, has 
produced vaccines and drug regimens for the suc¬ 
cessful prevention of meningococcal disease. Nev¬ 
ertheless, meningococcal disease should remain a 
significant concern as long as the military assembles 
young adults or deploys personnel to areas of the 
world with high rates of meningococcal disease. 

Description of the Pathogen 

The responsible bacterium. Neisseria meningitidis, 
is a member of the genus Neisseria, which includes 
the closely related N gonorrhoeae and other bacteria 
found on human mucosal surfaces. The human na¬ 
sopharynx is the habitat of these Gram-negative 
cocci measuring 0.6 to 1.0 pm in diameter. They are 
often seen in pairs (diplococci) with adjacent sides 
slightly flattened. On solid media, N meningitidis 
grows in colorless, transparent, nonhemolytic colo¬ 
nies. N meningitidis requires a degree of special han¬ 
dling; the organisms do not tolerate low humidity 
or extremes of temperature and grow best on blood- 
enriched media. Optimal growth occurs at 35°C to 
37°C in a humid, microaerophilic atmosphere con¬ 
taining 3% to 10% carbon dioxide. Specimens, there- 
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fore, should be plated on warm chocolate agar and 
incubated in a candle jar without delay. When plat¬ 
ing specimens obtained from nonsterile sites (eg, 
the nasopharynx), the use of selective media for 
Neisseria species is recommended (eg, Thayer-Mar- 
tin [Martin-Lewis] medium—a chocolate agar with 
antibiotics added to suppress the growth of yeast 
and bacteria other than Neisseria). With this careful 
handling, the organism can usually be recovered 
within 24 hours of incubation. 139-143 

Definitive identification of genus is accomplished 
by analysis of the bacterial enzymes present. Neis¬ 
seria species are identified from most other flora by 
the presence of cytochrome oxidase. Then, as a gen¬ 
eral rule, N meningitis is identified by its ability to 
metabolize glucose and maltose with the produc¬ 
tion of acid and its inability to metabolize sucrose 
or lactose. 139 Further classification of N meningitis 
is accomplished by analysis of the bacterial surface. 

Based on the antigenic properties of capsular 
polysaccharides, at least thirteen serologic groups 
of N meningitidis (ie. A, B, C, D, E, H, I, K, L, X, Y, 
W-135, Z) have been designated. Historically, the 
majority of disease is caused by serogroups A, B, 
and C. The meningococcus is also found without a 
polysaccharide coat. Termed nonencapsulated strains, 
these colonies appear smooth in culture, as opposed 
to those colonies that produce large amounts of 
polysaccharide, which appear mucoid. These nonen¬ 
capsulated strains have not been implicated in sys¬ 
temic disease and are most commonly found in the 
nasopharynx of asymptomatics. 140 Using sophisticated 
laboratory techniques, N meningitidis may be further 
classified into serotypes and subtypes based on the 
antigenic properties of the proteins and glycolipids 
in the bacterial outer membrane. This nomenclature 
may cause confusion because serogroup A may be 
called "serotype" or "type" A. The identification of 
serogroup is essential when planning public health 
strategy. In addition to differing properties of each 
serogroup, vaccines are available for only sero¬ 
groups A, C, Y, and W-135. The identification of 
serotype and subtype is of particular use in the in¬ 
vestigation of epidemics. Neither serogroup nor 
serotype, however, is necessary for the diagnosis or 
clinical management of meningococcal disease. 

Epidemiology 

Transmission 

Transmission of the meningococci is person to 
person by direct contact of respiratory secretions 
or by respiratory droplet. The determinants of the 


distribution of meningococcal disease are complex 
and only partially understood. Colonization and 
infection are common; clinical disease is compara¬ 
tively rare. Recovery of N meningitidis from the na¬ 
sopharynx of healthy "carriers" is common and 
documented whenever sought. Most patients with 
symptomatic invasive meningococcal disease 
("cases") are not infected by other cases, in case-to- 
case spread, but rather from healthy carriers. 142,144p340- 
345 Carriage rates are dependent on age, varying 
from 1% or less in infants to 20% to 40% in young 
adults. Increased carriage rates are associated with 
outbreaks; rates approaching 100% have been docu¬ 
mented in military training camps during out¬ 
breaks. 143,145 Despite this association, carriage rates 
of 25% or greater are often documented in the ab¬ 
sence of clinical disease. Additionally, while upward 
of 50% of military recruits have been documented 
as asymptomatic carriers of a pathogenic strain, the 
majority of carriers generally do not harbor the 
strain of meningococcus responsible for the disease 
in their midst. 142 

While carriage is responsible for the majority of 
disease, it is also responsible for the development 
of natural immunity to the meningococcus. Asymp¬ 
tomatic carriage and mildly symptomatic infection 
result in the production of protective humoral an¬ 
tibodies within 2 weeks, which persist at high lev¬ 
els for months. Immunity in the neonatal period 
results from transplancental transfer of humoral 
antibodies. In early childhood, carriage of atypical, 
nonpathogenic strains begins a process of recurrent 
sensitization and antibody production that contin¬ 
ues throughout life. 146 These humoral antibodies are 
protective not only against the particular strain but 
also against other, but not all, strains of meningo¬ 
cocci. Individuals who become ill generally lack 
effective humoral antibody against the specific 
pathogenic strain and become ill within the 2-week 
window between infection and antibody produc¬ 
tion. This explains the well-documented fact that 
meningococcal disease is a disease of new recruits 
and not seasoned service members, even when 
those seasoned personnel are deployed to areas of 
higher rates of disease. Interestingly, cases often 
have demonstrable, effective humoral antibody 
against most meningococci before infection, but it 
is simply not effective against the specific strain to 
which they succumb. To further muddy the waters, 
several researchers believe that induction of IgA 
antibody from other infections may be important 
in epidemic disease. This "two-bug" model postu¬ 
lates that induction of high levels of circulating IgA 
may block the action of the normally protective 
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humoral antibodies to the capsular polysaccharide, 
so that disease results from invasive strains to which 
the individual is "immune." 145-147 

The epidemiology of N meningitidis has been de¬ 
scribed as serogroup specific. The US epidemics of 
the first half of the 20th century were due prima¬ 
rily to serogroup A, as is still true in developing 
countries, particularly in Africa. 142 Now serogroups 
B and C are responsible for 90% of meningococcal 
disease in the United States. Serogroup C has been 
associated with most outbreaks in older children 
and young adults in developed countries, while 
serogroup B is responsible for the majority of en¬ 
demic disease, particularly that seen in infants. In 
the military, meningococcal disease is a disease of 
training camp: it is caused by serotypes A, B, or C 
very early in training but after that is caused mostly 
by serotype B. 136,148 

Geographic Distribution 

The geographic distribution of meningococcal 
disease, as with almost all infectious diseases, has 
changed significantly over the past 200 years. 149 
While the Napoleonic armies were experiencing the 
meningite de congelation, essentially simultaneous 
epidemics were documented in Geneva, Canada, 
New York, Ohio, and Virginia. The 19th century 
then experienced a succession of epidemic waves, 
also retrospectively attributed by most medical 


historians to the meningococcus, crashing over Eu¬ 
rope and North America. The first half of the 20th cen¬ 
tury was also marked by the propagation of several 
waves, generally at 5- to 10-year intervals, over the 
same areas. These later waves extended to include 
sub-Saharan Africa, now widely known as the "men¬ 
ingitis belt." In the second half of the 20th century, an 
abrupt shift in the pattern of disease occurred. Sub- 
Saharan Africa continued to have large epidemics, 
most notably in 1942 to 1951 and 1960 to 1962 and in 
conjunction with the hajj (the annual Islamic pilgrim¬ 
age to Mecca). Meningococcal disease in the US and 
Europe, on the other hand, dwindled to rare en¬ 
demic disease and small, sporadic outbreaks. 

Incidence 

For the past several decades, the annual inci¬ 
dence of meningococcal disease in the United States 
civilian population has remained in the range of 1- 
2/100,000, with the highest incidence of 17/100,000 
found in the first year of life. Rates decline swiftly 
to less than 1 /100,000 in the US adult civilian popu¬ 
lation. 140 The success of meningococcal vaccine use in 
military recruits has been striking 150 (Figure 38-5). 

Case-fatality rates from invasive meningococcal 
disease have varied depending on the nature of the 
infection, the quality of the medical care, and the 
underlying health of those afflicted. Before any 
modern treatments, the mortality rate was 75% to 



Fig. 38-5. The success of meningococcal vaccine use in 
military recruits has led to flat disease rates for menin¬ 
gococcal meningitis in US military enlisted personnel 
of 2/100,000 person-years from 1980 to 1990 (a). The 
higher incidence of the military enlisted population is 
explained entirely by a rate of 12/100,000 person-years 
in the first months of service ( b). The incidence of men¬ 
ingococcal disease in seasoned troops mirrors that of the 
adult civilian population (c). 

Source: LCDR M Ryan. Uniformed Services University 
of the Health Sciences, Bethesda, Md. Unpublished data. 
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95% or greater. In undeveloped countries and in un¬ 
treated cases, similar case-fatality rates are still en¬ 
countered. In the United States in the 1990s, the case 
fatality rate for meningococcal disease is between 
10% and 15%. 140-142 Higher rates are seen in cases of 
meningococcemia without meningitis and at the 
extremes of age. As with many other infectious dis¬ 
eases, crowded living conditions, poor hygiene, 
stress, and poor nutrition are associated both with 
meningococcal disease and higher case-fatality 
rates. In addition to the groups noted above, certain 
other populations are more susceptible to invasive 
disease. Especially at risk are those with surgical 
or functional asplenia and those with deficiencies 
in the complement pathways. Cases with comple¬ 
ment deficiencies are at increased risk for re-infec- 
tion; many authors recommend testing all cases for 
such conditions. Also at increased risk are those 
with underlying chronic illnesses that decrease gen¬ 
eral immunocompetence, including but not limited 
to human immunodeficiency virus infection, ma¬ 
lignancy, alcoholism, diabetes mellitus, systemic 
lupus, and renal or hepatic disease. 140-144 In a recent, 
population-based study, two thirds of all adult cases 
had decreased immunocompetence due to one or 
more of these conditions. 151 

Pathogenesis and Clinical Findings 

The pathogenesis of N meningitidis continues to 
be elucidated. The organism has pilli that adhere 
and gain entry into the nonciliated cells found in 
the nasopharynx. Once inside, the organisms are 
able to transmigrate to the submucosal tissues and 
vasculature. If the organism gains access to the 
bloodstream, the polysaccharide capsule thwarts 
the normal defense mechanism of phagocytosis. In 
the absence of humoral antibody allowing for the 
opsonization and destruction of the invading men¬ 
ingococcus, the impressive cascade of destruction 
begins. The rapid doubling time of the meningo¬ 
coccus coupled with a process termed blebbing, 
where portions of the bacterium's membrane pinch 
off into small sacks of endotoxin, account for the 
organism's ability to kill in hours. The large 
amounts of endotoxin interact with macrophages and 
other defense cells to produce cytokines, vasoactive 
lipids, free radicals, and tissue necrosis factor. All 
of these substances disrupt the vascular endothe¬ 
lium, accounting for the rash, petechia, and purpura 
associated with full-blown meningococcal disease. 
Recent research has implicated the extremely high 
levels of tissue necrosis factor in the destruction of 


larger vessels and organs, to include Waterhouse- 
Friderichson syndrome, a syndrome of multi-organ 
failure, shock, and galloping disseminated intravas¬ 
cular coagulopathy (DIC). 140,142,143 

The result of meningococcal infection ranges 
from the trivial to the catastrophic. The majority of 
meningococcal infections are asymptomatic or sub- 
clinical. Significant meningococcal infection may be 
preceded by an unremarkable upper respiratory 
infection (URI) prodrome of cough, headache, and 
sore throat. Spontaneous resolution of mild menin¬ 
gococcal URIs (including those with N meningitidis— 
positive blood cultures) has been documented in 
distinctly fortunate individuals. With or without the 
prodrome, those not so fortunate may experience a 
violent onset of disease consisting of fevers spik¬ 
ing to 40°C or higher, chills, malaise, weakness, 
myalgias, and arthralgias. Acute systemic disease 
generally presents as meningitis alone, meningitis 
with septicemia, or septicemia alone. Very rarely 
(less than 5% of the time), meningococcal disease 
may present in a different fashion, such as an iso¬ 
lated sinusitis, septic arthritis, or chronic meningo¬ 
coccemia. In the earliest stages of the infection, the 
patient may appear to have an unremarkable URI 
(ie, headache, malaise, and slight fever—a presenta¬ 
tion all too common to any primary care physician). 
In a matter of hours, however, the patient appears 
distinctly septic; mild hypotension to profound 
shock may appear early or even occur at presenta¬ 
tion. 140-144 Unlike the mild prodrome, this striking 
presentation once seen is not likely to be forgotten. 
This extraordinarily rapid progression of disease is 
the reason that all new soldiers with URI symptoms 
and fever are hospitalized for observation by the 
US Army. 136 

The classic petechial rash of meningococcal dis¬ 
ease occurs in about three fourths of those with 
bacteremia. The petechial rash may be present only 
sparingly on the conjunctiva, soft palate, axilla, 
groin, wrists, or ankles. Petechia may also be in ar¬ 
eas constricted by clothing. Confusing the issue, 
petechia may be absent with meningococcal disease 
or may be present with other illnesses for different 
reasons (eg, on the face after violent coughing or 
vomiting). Additionally, the rash may begin as a fine 
maculopapular (morbilliform) rash and then 
progress to petechiae. The degree of petechial rash 
corresponds roughly to the degree of thrombocy¬ 
topenia and severity of disease. Accordingly, pete¬ 
chiae that coalesce into large purpuric lesions are 
associated with fulminant disease. Other features 
indicative of a poor prognosis include shock at pre- 
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sentation, rapid progression of petechia to purpura, 
fever greater than 40 °C, leukopenia, and thromb¬ 
ocytopenia or other evidence of DIC. Especially 
ominous are extensive purpura, hemorrhagic bul¬ 
lae, or peripheral gangrene. 140,142,143 

Diagnostic Approaches 

The definitive diagnosis of meningococcal dis¬ 
ease is made with the recovery of the meningococ¬ 
cus from a normally sterile site, such as blood or 
cerebrospinal fluid (CSF). Blood cultures are posi¬ 
tive in about 30% of those with meningitis and 70% 
or more of those with clinical meningococcemia. 140 
Gram's stain of the CSF of those with meningitis 
will demonstrate purulent CSF and the Gram-nega¬ 
tive diplococcus. Counterimmunoelectrophoresis or 
latex agglutination of meningococcal antigen in the 
CSF, serum, or urine is routinely used, although 
recent authors have questioned its clinical utility. 152 
Gram's stain of skin lesion aspirates and the buffy 
coat of blood will occasionally reveal organisms but 
is not recommended for routine diagnosis. Other 
laboratory findings may be seen that are consistent 
with significant bacterial infection but are not spe¬ 
cific for meningococcal disease, such as a periph¬ 
eral blood leukocytosis with increase of earlier 
myelocytic forms (a "left shift"). The differential 
diagnosis of systemic meningococcal disease is not 
long. Systemic infection with Haemophilus influenza 


type b or streptococcus may have similar presenta¬ 
tions, to include presentation (rarely) with a pete¬ 
chial skin rash. Rocky Mountain spotted fever, other 
rickettsial diseases, and viral diseases with morbil¬ 
liform or hemorrhagic exanthems may also present 
similarly to meningococcal disease. 140,142,143 

Recommendations for Therapy and Control 

The successful treatment of meningococcal dis¬ 
ease does NOT wait on a definitive diagno¬ 
sis. 140,142,143,153 When the diagnosis of meningococcal 
disease is suspected, whether from meningeal signs, 
evidence of septicemia, or a febrile URI with rash in a 
new recruit, antibiotic therapy must follow within 
minutes. The presumptive diagnosis of menin¬ 
gococcal disease is a medical emergency. The men¬ 
ingococcus is sensitive to a variety of antibiotics, 
including penicillin, third-generation cepha¬ 
losporins, choramphenicol, and quinolones. Peni¬ 
cillin remains the drug of choice for the treatment 
of meningococcal disease, despite reports of rela¬ 
tive resistance around the world (Table 38-3). In 
small children, clinicians must anticipate the pos¬ 
sibility of infection with Haemophilus influenza type 
b resistant to penicillin by their initial choice of an¬ 
tibiotics. The successful treatment of meningococ¬ 
cal disease in garrison or in the field rests on the 
prompt initiation of antibiotics. Sophisticated life- 
support techniques clearly favor recovery but do 


TABLE 38-3 

ANTIBIOTIC TREATMENT OF MENINGOCOCCAL DISEASE IN ADULTS 


Antibiotic 


Dosage 


Penicillin G 

Ampicillin 

Chloramphenicol 

Ceftriaxone^ 

Cefotaxime^ 


300,000 U/kg-d IV in divided doses q 4 h (maximum dose 24xl0 6 U/d) 

or 

150-200 mg/kg-d IV in divided doses q 6 h (maximum dose 12 g/d) 

or 

100 mg/kg-d IV in divided doses q 6 h (maximum dose 4 g/d) 

or 

100 mg/kg-d IV in divided doses q 12 h (maximum dose 4 g/d) 

or 

200 mg/kg-d IV in divided doses q 4 h (maximum dose 12 g/d) 


For those severely allergic to penicillin 

* For those mildly allergic to penicillin; also effective against Haemophilus influenza type b 
kg-d: kilograms per day; IV: intravenously; q: every 

Sources: Apicella MA. Meningococcal infections. In: Bennett JC, Plum F, eds. Cecil Textbook of Medicine. 20th ed. Philadelphia, Penn: 
W. B. Saunders; 1996:1618-1622; Apicella MA. Neisseria meningitidis. In: Mandell GL, Bennett JE, Dolin R, eds. Mandell, Douglas, and 
Bennett's Principles and Practice of Infectious Diseases. 4th ed. New York: Churchill Livingstone; 1995: 1896-1909; Griffiss JM. Menin¬ 
gococcal infections. In: Isselbacher KJ, Martin JB, Braunwald E, Fauci AS, Wilson JD, Kasper DL, eds. Harrison's Principles of Internal 
Medicine. 13th ed. New York: McGraw-Hill, Inc.; 1994: 641-644. 
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not justify transfer of a patient with suspected men¬ 
ingococcal disease to a higher level of care without 
first administering antibiotics. Similarly, antibiot¬ 
ics must not be withheld in the field in an attempt 
to get positive blood cultures at the next level of 
care. Antibiotic therapy should be continued in con¬ 
firmed cases for at least 7 days or for 4 to 5 days 
after the patient is afebrile. 

The patient should be placed in respiratory isola¬ 
tion for the first 24 hours of treatment, with special 
care given to disposal of respiratory secretions. Aside 
from isolation and the early initiation of appropri¬ 
ate antibiotics, treatment of systemic meningococ¬ 
cal disease is supportive and will be determined by 
the level of sophistication of the treatment facility. 
Fluid resuscitation, fluid and electrolyte balance, 
oxygenation, and maintenance of visceral perfusion 
are frequent concerns. The treatment of DIC, when 
diagnosed, remains controversial; heparin, whole 
blood, cryoprecipitate, or any combination of these 
three have been employed with varying degrees of 
success. Lastly, the patient discharged after suc¬ 
cessful treatment should receive rifampin chemo¬ 
prophylaxis, as intravenous antibiotics may not 
eliminate nasopharyngeal carriage. 140,142,143 

After the end of World War II, the US military 
instituted the mass use of prophylactic sulfona¬ 
mides to eliminate nasopharyngeal carriage in all 
basic trainees. This program was quite successful 
in military and civilian settings for almost 2 decades 
until this widespread use of antibiotics lead to sul¬ 
fonamide-resistant meningococci. Large outbreaks 
at US Army and Navy training camps in the early 
1960s forced not only the temporary closure of bases 
but also intensive research into vaccine develop¬ 
ment. 136-138 Using the polysaccharide coats as anti¬ 
gens, the Walter Reed Army Institute of Research 
produced effective vaccines against serogroup C in 
1969. In 1971, routine immunization against 
serogroup C was begun; other serogroups soon fol¬ 
lowed (A/C in 1978 and A/C/Y/W-135 in 1982). 
After the initiation of these immunizations, rates 
of meningococcal disease in the military fell drasti¬ 
cally, approaching those of the civilian population 
(l-2/100,000) 136 (see Figure 38-5). In contrast to the 
success with other serogroups, an effective vaccine 
against N meningitidis serogroup B has not yet been 
approved for use. Interestingly, the serogroup B 
polysaccharide is identical in structure to a polysac¬ 
charide found in human nervous tissue and there¬ 
fore is not immunogenic. Current research in this 
area has included using protein components of the 
organism's outer membrane as antigens and at¬ 
tempting to find similar capsular polysaccharide 


antigens that might confer protection against 
serogroup g 140 < 142 < 154 - 155 

The meningococcal vaccine is a success when 
given to recruits on entry to military service. What 
remains unclear is when, if ever, the vaccine should 
be repeated. As noted above, meningococcal disease 
has historically been a disease of training camps and 
not a problem for seasoned personnel even in areas 
of increased endemic disease. It is difficult, how¬ 
ever, for a military medical officer to withhold a 
safe, proven vaccine from personnel deploying to 
an area with a documented epidemic of meningo¬ 
coccal disease. The most significant question—the 
duration of protection from the meningococcal vac¬ 
cine—has not been answered. Several studies have 
demonstrated poor immunogenicity and rapid de¬ 
cline of detectable antibodies in children less than 
4 years of age. A cross-sectional study among US 
Air Force personnel suggested detection of vaccine- 
induced antibody above prevaccination levels 10 
years after immunization, 143,156 but measurement of 
antibody is a surrogate measurement for immunity 
and not infallible. Due to this and issues discussed 
above (eg, cases having demonstrable antibody 
against meningococcus before infection, the natu¬ 
ral immunizing effect of carriage unrelated to vac¬ 
cination), the actual duration of protection from 
meningococcal vaccine is likely to remain unknown 
for some time. The US military has generally erred 
on the side of being conservative by re-immuniz¬ 
ing at 3- to 5-year intervals in the event of deploy¬ 
ment to areas with documented epidemic disease. 
This strategy is not universal, however, as is dem¬ 
onstrated by the Navy's decision to forgo immuni¬ 
zation of Marines deploying to the Persian Gulf 
War. 157 As with other polysaccharide vaccines, there 
is no immunologic memory leading to a booster 
effect with subsequent immunizations. Clear indi¬ 
cations for immunization include military recruits 
on entry to training, patients with functional or 
surgical asplenia, and those with deficiencies of the 
complement pathways. 

After the remarkable success of prophylactic sul¬ 
fonamides ended, attention quickly turned to find¬ 
ing other effective prophylactic regimens. Rifampin 
was found to eliminate nasopharyngeal carriage 
and quickly became the drug of choice for chemo¬ 
prophylaxis (Table 38-4). Rifampin use is not with¬ 
out its problems, however, and patients must be told 
to expect reddish-orange discoloration of urine, 
tears, feces, and sputum. Although harmless, the 
discoloration of tears will permanently stain soft 
contact lenses. More importantly, rifampin may in¬ 
terfere with the action of oral contraceptives. Sexu- 
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TABLE 38-4 

PROPHYLACTIC CHEMOTHERAPY OF NEIS¬ 
SERIA MENINGITIDIS CONTACTS 


Antibiotic 

Dose 

Rifampin 

Adults: 600 mg po bid for 2 d 

Children > 1 mo: 10 mg/kg-d; divided 
doses po bid for 2 d 

Children < 1 mo: 5 mg/kg-d; divided 
doses po bid for 2 d 

OR 

Ciprofloxacin 

Adults: 500 mg po (single dose) 

OR 

Ceftriaxone 

Adults: 250 mg IM (single dose) 

Children < 15 y: 125 mg IM (single dose) 

OR 

Sulfadiazine* 

Adults: 1 g po q 12 h for 2 d 

Children > 2 mos: 150 mg/kg-d 
(not to exceed adult dose) 
in divided doses q 12 h for 2 d 


For use against documented sulfa-susceptible strains only; no 
longer manufactured in the United States 
bid: two times a day, po: by mouth, kg-d: kilograms per day, 
q: every, IM: intramuscularly 

Sources: Apicella MA. Meningococcal infections. In: Bennett 
JC, Plum F, eds. Cecil Textbook of Medicine. 20th ed. Philadelphia, 
Penn: W. B. Saunders; 1996: 1618-1622; Apicella MA. Neisseria 
meningitidis. In: Mandell GL, Bennett JE, Dolin R, eds. Mandell, 
Douglas, and Bennett's Principles and Practice of Infectious Diseases. 
4th ed. New York: Churchill Livingstone; 1995: 1896-1909; 
Griffiss JM. Meningococcal infections. In: Isselbacher KJ, Mar¬ 
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ally active patients must be advised to take appro¬ 
priate precautions. Unlike the sulfonamides, which 
may still be used in mass prophylactic campaigns 
against susceptible organisms, rifampin has been 
associated with the rapid appearance of resistant 
organisms and is not recommended for mass 
chemoprophylaxis. Ciprofloxacin and ceftriaxone 
may also be used for chemoprophylaxis; they share 
the advantage of requiring only a single dose. 140-142 

Meningococcal infection can kill a previously 
healthy young adult within hours of the first symp¬ 
tom and, in an outbreak, do this several times in 
the community within a few days. These qualities 
combine to produce a disease that truly can terrify 
the public. The preventive medicine officer must be 


informed immediately of the admission of a sus¬ 
pected case of meningococcal disease. Close con¬ 
tacts of the case, defined as household contacts and 
those with direct, face-to-face contact with the case, 
suffer an increased risk of disease several hundred 
times that of the general population and should 
receive chemoprophylaxis. An exception to this 
somewhat restrictive recommendation concerns 
children in daycare and institutionalized persons, 
to include military recruits. Persons in these par¬ 
ticular high-risk groups should receive prophy- 
laxsis for even minimal contact, (eg, being present 
in the same daycare facility or sleeping in the same 
open-bay barracks). 144 Many authors recommend 
simultaneous immunization if the outbreak is due 
to a vaccine-preventable serogroup. 140,142,143 Because 
of the poor immunogenicity in young children, 
serogroup C vaccine is not recommended for those 
under the age of 2 years. Factors associated with 
increased disease, (eg, overcrowding, poor nutri¬ 
tion) should be remedied if possible. Investigation 
of the outbreak is limited to identifying contacts for 
chemoprophylaxis, alleviating factors associated 
with disease, and encouraging vigilance for the first 
sign of possible meningococcal disease. Screening 
the population using throat or nasopharyngeal cul¬ 
tures has not proven effective in controlling out¬ 
breaks. 144 

The public health emphasis in controlling men¬ 
ingococcal outbreaks should be placed on active 
surveillance, heightened awareness, prompt diag¬ 
nosis and treatment of those ill, and effective com¬ 
munication to the public. The public health official 
must carefully convey an accurate assessment of 
risk to groups with varying degrees of medical so¬ 
phistication. The goal is to motivate these groups 
sufficiently to ensure appropriate identification 
of contacts and heightened awareness of the early 
symptoms of disease without starting a panic. This 
being said, it is extraordinarily difficult to contain 
the fear in a community struck by several cases of 
meningococcal disease. An experience in Canada 
underscored again the sensitive nature of the is¬ 
sues in meningococcal outbreaks. In response to an 
outbreak in Ontario in 1991, a mass voluntary 
immunization campaign resulted in over 400,000 
immunizations at a cost of at least US $7,000,000. 
Over 145,000 young adults were immunized in Ot¬ 
tawa alone less than a month after the first case. 
Debate continued for years in the medical literature 
as to whether the media coverage of the outbreak 
and the immunization campaign it engendered 
were appropriate. 158 

[Brian Feighner, MD, MPH] 
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TUBERCULOSIS 


Introduction and Military Relevance 

Understanding and controlling the risks posed 
by tuberculosis to the health of US military forces 
remain as relevant today as they were to preven¬ 
tive medicine specialists during World War I and 
World War II. Recruits continue to enter military 
service with preexisting tuberculosis infections. 
Military deployments and long-term assignments 
to regions of the world with high rates of tubercu¬ 
losis infection and disease in the host population 
place US military personnel at increased risk for 
acquiring a tuberculosis infection, potentially with 
a multidrug-resistant organism. Militarily unique 
environments, such as ships and barracks, put large 
numbers of people together in close living and 
working arrangements for extended periods of 
time—ideal conditions for person-to-person trans¬ 
mission of tuberculosis. War and operations other 
than war, especially those requiring support for 
refugees, displaced persons, and prisoners of war, 
increase the risk for exposure to tuberculosis while 
requiring knowledge of tuberculosis treatment and 
control measures unique to those populations. 

As early as 1854, tuberculosis (or phythisis 
pulmonalis) was recognized as a particular prob¬ 
lem of shipboard life in the Navy. 159 During the US 
Civil War, the Army experienced 13,499 tuberculo¬ 
sis hospitalizations and 5,286 tuberculosis deaths 
among white soldiers, but control and treatment 
measures received no specific attention. 160 The Navy 
and Marine Corps had annual tuberculosis admis¬ 
sion rates of 6 to 12 per 1,000 members in the 
1880s. 159 By the early 1900s, the military services 
began to stress physical examinations as the main 
control measure to identify men with tuberculosis 
and to exclude them from military service. More 
than 50,000 men were excluded from Army service 
during World War I, yet more than 2,000 soldiers 
died from tuberculosis and 19 per 1,000 were hos¬ 
pitalized annually with tuberculosis. 161 Tuberculo¬ 
sis was the Army's leading cause of discharge for 
disability. During the war, the naval services' hos¬ 
pital admission rate was approximately 5 cases per 
1,000 per year. 159 

Tuberculosis among military entrants remained 
a problem at the start of World War II. To improve 
tuberculosis screening of entrants, the military 
services had installed radiographic equipment to 
perform chest roentgen examinations or photofluo- 
rograms at many recruit centers in the months be¬ 
fore the war. By the end of 1942, chest radiographs 


became a required part of the entrance physical ex¬ 
amination, resulting in 1% of Army recruits being 
rejected for tuberculosis. During the war, the an¬ 
nual incidence of tuberculosis was 1.0 to 1.75 per 
1,000 in the Army and 1.0 to 3.25 per 1,000 in the 
Navy and Marine Corps, with the higher rates oc¬ 
curring at the beginning and end of the war. 159,161 
The higher rates at the war's end were primarily 
due to universal chest radiographs upon discharge, 
which identified many new cases of minimally 
active tuberculosis. While soldiers with foreign 
service had slightly higher rates of tuberculosis at 
separation processing, most new infections were 
probably due to exposure to fellow soldiers, not to 
civilians, with tuberculosis. Among US service 
members who had been prisoners of war, rates of 
active tuberculosis were 37 per 1,000 prisoners of the 
Japanese and 6 per 1,000 prisoners of the Germans. 
At the war's end, tuberculosis among displaced per¬ 
sons and civilians liberated from concentration 
camps in Germany, Italy, and Japan presented a 
significant challenge to military medicine 161 (see 
Chapter 3 ,The Historic Role of Military Preventive 
Medicine and Public Health in US Armies of Occu¬ 
pation and Military Government). Several Army 
hospitals in Germany were designated for the treat¬ 
ment of tuberculosis patients, while tuberculosis 
control programs were part of the efforts to rebuild 
public health infrastructures. 

By 1950, routine chest radiographs of active 
duty members and tuberculin tests for all recruits 
were common practice in all services. Annual tu¬ 
berculosis admission rates dropped below 1 per 
1,000 sailors and Marines. 159 During the Korean War, 
however, 2.6% of Army casualties evacuated to the 
United States for care required treatment for tuber¬ 
culosis. The rate of active tuberculosis among US 
service members who had been prisoners of the 
North Koreans was 1.5%. 162 

In Vietnam, US personnel had varying degrees 
of contact with a civilian population with a high 
rate of infection and disease. Almost 50% of 17- to 
18-year-old Vietnamese and nearly all Vietnamese 
adults had tuberculin test evidence of infection; one 
study showed 32% of adults had radiological evi¬ 
dence of active infection. US military personnel 
experienced rates of tuberculin test conversion of 
3% to 5% after 1-year assignments in Vietnam, while 
personnel remaining in the United States had a 1% 
per year conversion rate. 160 

Since World War II, there has been a downward 
trend in the proportion of military entrants with 
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preexisting tuberculosis infection. A study of 1.2 
million US Navy recruits from 1958 to 1969 dem¬ 
onstrated that 5.2% were tuberculin test reactors. 163 
Among all Air Force recruits in 1964 and 1965, 4.2% 
were reactors using a multiple puncture test. 164 By 
1990, 2.5% of 2,416 Navy recruits were tuberculin re¬ 
actors with a 10-mm induration; 19.2% of foreign-born 
recruits and 1.6% of recruits born in the United States 
were reactors with 10-mm or greater induration. 165 

In the past decade, tuberculosis has maintained a 
low but ever-present profile in the US military. In the 
1980s, an estimated 1% of sailors and Marines converted 
on their tuberculin tests each year. 166 Sailors participat¬ 
ing in deployments in 1986 and 1987 involving numer¬ 
ous port visits in South America were diagnosed with 
active tuberculosis at a rate of one case per 1,000 
person-years and had rates of tuberculin test reac¬ 
tions three times greater than the rate among sailors on 
other Atlantic Fleet ships. 167 Tuberculosis exposure was 
a concern for military personnel of all services in¬ 
volved in the care of refugees and displaced persons in 
the Caribbean region, Africa, and Southeast Asia. Dur¬ 
ing 1995, approximately 40 cases of tuberculosis were 
reported in active duty US military personnel (Army 
data: Army Medical Surveillance Activity, Washing¬ 
ton, DC; Navy data: Naval Environmental Health Cen¬ 
ter, Norfolk, Virginia; Air Force data: Armstrong Labo¬ 
ratories, Brooks Air Force Base, Texas). 

Tuberculosis has presented a special challenge in 
the closed environments on ships. The most notable 
outbreak occurred on the destroyer USS Richard E. 
Byrd in 1966. 168,169 A sailor with symptomatic cavi¬ 
tary tuberculosis was on the ship for 6 months un¬ 
til he was diagnosed. There were seven secondary 
cases of pulmonary tuberculosis; 47% of the enlisted 
crew converted on their tuberculin test reactions. 
In 1987, a similar scenario on an amphibious ship 
resulted in 216 tuberculin test converters, 25% of 
the total crew. 170 In these shipboard outbreaks, the 
highest rates of tuberculin test conversion (more 
than 80%) were in those sailors who berthed in the 
same compartments as the source case. 169,170 A 1998 
outbreak on an amphibious ship produced 17 cases 
of pulmonary or pleural tuberculosis, 171 (18.3%) 
tuberculin test convertors among the ship's crew, 
and 525 (25.2%) convertors among embared Ma¬ 
rines. 171 Frequently, the risk extends to the entire 
crew because of the closed shipboard environment 
and the extended exposure associated with duty at 
sea, which equals or exceeds that experienced by 
most household contacts of tuberculosis cases 
ashore. Exposure on shore to tuberculosis is much 
less intensive, but an outbreak has been docu¬ 
mented at an isolated Army installation. 172 


Description of the Pathogen 

In humans, chronic tuberculosis infection of the 
lungs and other organs is caused by Mycobacterium 
tuberculosis and less commonly by M bovis, which 
causes similar infections in cattle. M tuberculosis is 
a slow-growing, nonmotile bacillus, whose waxy 
cell wall resists decolorization by acid alcohol dur¬ 
ing staining, resulting in its "acid fast" characteris¬ 
tic. The waxy coat allows M tuberculosis to resist 
drying and germicides. Mycobacteria are suscep¬ 
tible to moist heat and ultraviolet light from both 
sunlight and artificial sources. 

Epidemiology 

Transmission 

Exposure to airborne M tuberculosis from a person 
with pulmonary or laryngeal tuberculosis is the pri¬ 
mary mode of transmission of tuberculosis. Droplet 
nuclei (1-5 pm diameter), produced when the infected 
person coughs, sings, or sneezes, dry and can remain 
airborne for several hours or longer. When inhaled, 
droplet nuclei can be carried directly to the alveoli of 
the lungs, where the primary infection is established. 
The incubation period from infection to either devel¬ 
opment of a reactive tuberculin test or evidence of a 
primary pulmonary lesion is 4 to 12 weeks. Unpas¬ 
teurized milk can serve as the vehicle for transmis¬ 
sion of M bovis from infected cows to humans. 

Tuberculosis is not a highly communicable infec¬ 
tion, but the factors affecting its spread from one 
person to another vary and can create localized out¬ 
breaks. Generally, only patients with pulmonary or 
laryngeal tuberculosis will spread infection. Com¬ 
municability increases if the source case is cough¬ 
ing, sneezing, or singing. The presence of acid fast 
bacilli in sputum and cavitary disease increase com¬ 
municability. Other factors include the length of 
time the patient has been symptomatic (especially 
coughing) before diagnosis, the closeness and du¬ 
ration of contact, and the ventilation and other en¬ 
vironmental features of the contact space. In the 
United States, approximately one fifth of close con¬ 
tacts of a source case with active pulmonary tuber¬ 
culosis will acquire a new tuberculosis infection 
from the exposure. Adequate treatment rapidly re¬ 
duces the infectiousness of tuberculosis patients. 

Geographic Distribution 

Worldwide, tuberculosis causes 3 million deaths 
annually and is the leading cause of death among 
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adults from a single infectious agent. 173 In 1990, 
there were an estimated 7.5 million cases of tuber¬ 
culosis worldwide. 174 Two billion people—one third 
of the world's population—are infected with My¬ 
cobacterium tuberculosis. 173 

Incidence 

Tuberculosis incidence in the United States de¬ 
clined to 7.4 cases per 100,000 population in 1997, 
the lowest rate since national surveillance began in 
the 1930s, but this still represents almost 20,000 new 
tuberculosis cases. An increasing proportion of 
cases (39%) was among foreign-born persons. Re¬ 
sistance of M tuberculosis isolates to isoniazid or 
rifampin (two first-line drugs in the treatment of 
tuberculosis) increased; 7.6% were resistant to at 
least isoniazid and 1.3% were resistant to at least 
isoniazid and rifampin. 175 

Pathogenesis and Clinical Findings 

After inhalation, M tuberculosis bacilli are car¬ 
ried to the alveoli where they are ingested by al¬ 
veolar macrophages and eventually transported 
to hilar lymph nodes. Most primary infections are 
asymptomatic, although some patients present 
with a primary tuberculosis pneumonia or pleu¬ 
risy with effusion a few weeks after their initial 
infection. Once tuberculosis infection is estab¬ 
lished, the lifetime risk of developing active dis¬ 
ease is about 5% to 10%, with the greatest risk 
(1% to 4%) occurring in the first year after ac¬ 
quiring infection. Preventive therapy signifi¬ 
cantly reduces but does not eliminate the risk of 
developing active disease. For more than 90% of 
persons infected with M tuberculosis, the only evi¬ 
dence of tuberculosis will be a reactive tubercu¬ 
lin test and occasionally radiographic evidence 
of a primary pulmonary infection, such as paren¬ 
chymal scarring or calcified lymph nodes. 

Reactivation tuberculosis, most commonly confined 
to the lungs, occurs months to years after the pri¬ 
mary infection in up to 10% of persons with tuber¬ 
culosis infections. The risk of reactivation increases 
in persons with immunocompromising conditions, 
such as human immunodeficiency virus (HIV) in¬ 
fection, and in those taking immunosuppressive 
medications. The most common presentation is one 
of chronic systemic and pulmonary symptoms and 
findings. Infiltrates and single or multiple cavities, 
most commonly in the upper lobes, are present on 
chest radiographs (Figure 38-6). Extrapulmonary 
presentations of tuberculosis include tuberculosis 


adenitis, genitourinary infection, skeletal tuberculosis, 
and meningitis. Miliary tuberculosis involving mul¬ 
tiple organs presents as a febrile wasting disease of 
unknown origin. Pulmonary and extrapulmonary 
tuberculosis are acquired immunodeficiency syn¬ 
drome-defining diagnoses in HIV-infected persons. 

Diagnostic Approaches 

Awareness 

The best tool for diagnosing tuberculosis is a 
high index of suspicion. Failure to suspect tuber¬ 
culosis even after multiple visits to military sick 
call has contributed to delays in diagnosis and 
higher rates of new tuberculosis infections 
among contacts in military outbreaks. 169,170 Pul¬ 
monary tuberculosis should be suspected in per- 



Fig. 38-6. This chest radiograph demonstrates cavitary 
disease characteristic of pulmonary tuberculosis. 
Radiograph: Courtesy of the Walter Reed Army Medical 
Center, Washington, DC. 
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sons with a productive, prolonged cough (of 
more than 3 weeks' duration) or in persons with 
fever, chills, night sweats, easy fatigability, loss 
of appetite, weight loss, or hemoptysis. Diagnos¬ 
tic suspicion should increase for persons with a 
history of exposure to tuberculosis or of a posi¬ 
tive tuberculin test, persons born in foreign coun¬ 
tries with a high incidence of tuberculosis, or 
persons in other high-risk groups for tuberculo¬ 
sis. The evaluation should include a thorough 
history, physical examination, chest radiograph, 
tuberculin test, and HIV test. A positive finding 
on either the tuberculin test or chest radiograph 
is not diagnostic of tuberculosis, while no reaction 
to a tuberculin test or a normal chest radiograph 
does not exclude a diagnosis of tuberculosis. 

Culture 

Demonstration of mycobacteria in sputum or 
another specimen is necessary to diagnose tuber¬ 
culosis; a confirmed diagnosis is only possible with 
a positive culture for M tuberculosis. Smears of spu¬ 
tum and other specimens should be stained and 
examined for acid-fast bacilli. Culture examination 
and confirmation of M tuberculosis may take 3 to 6 
weeks. Initial isolates on all patients should be 
tested for drug susceptibility. 

Radiometric methods and genetic probes provide 
more rapid confirmation of specific mycobacteria 
growing in culture. To provide earlier confirmation of 
tuberculosis disease, enzyme-linked immuno-sorbent 
assays, radioimmunoassays, and chemical detection 
methods are being developed to identify mycobacte¬ 
rial antigens and other cellular products in cerebrospi¬ 
nal fluid, sera, and other clinical specimens. 176 ' 177 

Tuberculin Test 

A tuberculin test is the only method available 
to identify persons infected with M tuberculosis 
in the absence of active disease. The Mantoux 
method involves an intradermal injection of 0.1 mL 
(5 tuberculin units) of purified protein deriva¬ 
tive tuberculin into the surface of the forearm. 
The injection should create a discrete wheal of 
the skin 6 to 10 mm in diameter. A tuberculin test 
is read on the second or third day after adminis¬ 
tration by measuring the diameter of induration 
(not erythema) transversely to the axis of the fore¬ 
arm and recording the measurement in millimeters. 
Tuberculin tests should not be administered using 
a jet injector. 178 While the multiple-puncture de¬ 
vice for administering tuberculin may be useful 


in screening large, low-risk populations (eg, chil¬ 
dren in low-risk communities), routine screening 
of such populations and use of multiple-punc¬ 
ture devices are discouraged. 179,180 The Mantoux 
method is the best method for testing military 
service members, health care workers, and others 
who will have serial screenings and for evaluat¬ 
ing patients and contacts for evidence of tuber¬ 
culosis infection. Repeat testing of uninfected 
persons does not sensitize them to tuberculin. 179 

Interpretation of a person's tuberculin test reac¬ 
tion requires combining the size of the induration 
with the person's risk-group information. 179,181 The 
most common "positive" tuberculin test reactions 
in a military population are: 

• a tuberculin test reaction of 5 mm or larger 
in a person who had close contact with a 
patient with infectious tuberculosis, 

• a tuberculin test conversion (evidence of a 
new infection) of a 10 mm or larger increase 
from the baseline tuberculin test within a 
2- or 3-year period, 

• a tuberculin test reaction of 10 mm or larger 
in foreign-born persons from countries with 
high prevalence rates of tuberculosis (eg, 
countries in Asia, Africa, Eastern Europe, 
and Latin America) or members of high-risk 
minorities, and 

• a tuberculin test reaction of 15 mm or larger 
in any person (Table 38-5). 

Those infected with M tuberculosis may have no re¬ 
action to a tuberculin test if they have been infected 
within the previous 4 to 12 weeks or if their cell- 
mediated immunity is suppressed. 

A positive tuberculin test reaction in a person 
vaccinated with Bacillus of Calmette and Guerin 
(BCG) vaccine usually indicates infection with M 
tuberculosis. Many countries with a high preva¬ 
lence of tuberculosis vaccinate infants with BCG 
vaccine. 179,181 While BCG vaccine is effective in 
preventing tuberculosis disease such as menin¬ 
gitis in children, its effectiveness in preventing 
infection and disease in adults is debatable. 181 
BCG vaccine status generally should be ignored 
in evaluating persons for tuberculosis or in in¬ 
terpreting tuberculin test reactions. 179 

False-positive and false-negative tuberculin re¬ 
actions can occur from improper administration or 
reading of the test (eg, reading erythema rather than 
induration, leading to a false positive; injecting too 
little tuberculin or injecting it subcutaneously, lead¬ 
ing to a false negative). The most common cause of 
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TABLE 38-5 

INDICATIONS FOR PREVENTIVE THERAPY 
FOR TUBERCULOSIS INFECTION 




Tuberculin 
Reaction 
Size (mm) 

Risk Factor 


Threshold 

Highest Risk 

Young child (< 5 y of age) 

0 


who has had a recent 
contact with a tuberculo- 



sis-infected person 



Immunosuppressed person 

0 


with recent contact with a 



tuberculosis-infected 



person 

Recent close contact with 

5 


known tuberculosis- 
infected person 

HIV infection (known or 

5 


suspected) + 



Old tuberculosis on chest 

5 


radiograph 


Increased Risk 

Intravenous drug users 

10 


Patients with predisposing 
medical condition 

10 


Recent immigrants (within 

10 


the last 5 y) from high- 
prevalence countries 



Medically underserved. 

10 


low-income populations 
Residents of chronic care 

10 


and correctional facilities 



Tuberculin test conversion 

10 


within last 2 years 
Children younger than 4 y 

10 


of age 

Infants, children, and ado- 

10 


lescents exposed to adults 
in the highest risk 
categories 


No Risk Factor 


15 


Treat presumptively until repeat test 
1 If anergic, treat if probability of tuberculosis infection is high 
1 Diabetes mellitus, conditions requiring prolonged, high-dose 
corticosteroid therapy and other immunosuppressive therapy, 
chronic renal failure, some hematologic disorders, certain ma¬ 
lignancies, weight loss of 10% or more of ideal body weight, 
silicosis, gastrectomy, jejunoileal bypass, and chronic malab¬ 
sorption syndromes 

Adapted from: Centers for Disease Control and Prevention. 
Targeted tuberculin testing and treatment of latent tuberculo¬ 
sis infection. MMWR. 2000;49(RR-6):l-54. 


a physiologic false-positive reaction is a cross-reac¬ 
tion with the antigens of nontuberculous mycobac¬ 
teria or BCG vaccine. Physiologic false-negative 
reactions can occur because of anergy (eg, in the 
immune impaired HIV-infected person) or the 
"booster phenomenon." 182 

The booster phenomenon may occur in anyone 
who receives a tuberculin test many years after ac¬ 
quiring their initial infection with M tuberculosis or 
another mycobacteria or after receiving BCG vac¬ 
cine. Although the reaction to the initial tuberculin 
test is interpreted as negative, the tuberculin anti¬ 
gen stimulates recall of delayed hypersensitivity to 
mycobacteria. A subsequent tuberculin test pro¬ 
duces an induration of increased size (a boosted 
response) that may be interpreted falsely as evi¬ 
dence of a new infection. Use of a two-step Man- 
toux test is one solution to the booster phenomenon, 
especially in persons who will be tested periodi¬ 
cally as part of a tuberculosis surveillance pro¬ 
gram. 182 A first tuberculin test is administered. If it 
is negative, a second tuberculin test is administered 
1 week later. If the second test is positive, it repre¬ 
sents a "boosted" reaction; if negative, the person 
is considered uninfected. The result of the second 
test becomes the baseline for comparison during 
subsequent testing. At present, the military services 
are not using two-step testing for recruits. Military 
populations with a higher risk of acquiring tuber¬ 
culosis infection, such as health care workers or in¬ 
mates and staff of military prisons, may benefit from 
two-step testing when beginning a serial screening 
program. 

Recommendations for Therapy and Control 

Drug-resistant and multidrug-resistant tubercu¬ 
losis is an emerging problem in the United States 
and worldwide. 173-175 Tuberculosis in a military pa¬ 
tient, especially one who is deployed, presents a 
challenge. Because of the characteristics of military 
service, potential drug-resistance patterns for the 
patient's isolates may not be inferred from the re¬ 
sistance patterns in the local population. Every at¬ 
tempt must be made to obtain adequate samples 
for culture and drug susceptibility testing before 
treatment is begun. Because tuberculosis is a chronic 
infection, it is reasonable to defer treatment (espe¬ 
cially with an inadequate drug regimen) until the 
patient can be transferred to a medical treatment 
facility with the capabilities to collect specimens for 
culture and drug susceptibility testing and with the 
antimycobacterial agents required for an optimal 
drug regimen. 
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Therapy 

For the initial, empiric treatment of tuberculosis, 
the preferred regimen in 1998 is four drugs: iso- 
niazid, rifampin, pyrazinamide, and either strep¬ 
tomycin or ethambutol. For the first 2 months or 
until drug sensitivities are known, a four-drug regi¬ 
men almost always guarantees that the organism 
will face at least two agents to which it is suscep¬ 
tible. This approach reduces the opportunity for the 
organism to develop any or any further drug resis¬ 
tance. Treatment continues for a minimum of 6 
months with a minimum of two drugs, usually iso- 
niazid and rifampin, if the organism is proven to 
be susceptible to all agents. If a patient's organism 
displays or develops drug resistance, the results of 
initial and follow-up cultures and sensitivities must 
determine the optimal drug regimen for each pa¬ 
tient. A patient should always be receiving at least 
two drugs to which the organism is susceptible. 181,183 
If the organism is resistant to isoniazid or rifampin 
or the treatment regimen does not contain either 
drug, treatment should continue for 18 to 24 
months. Directly observed therapy, daily initially 
and eventually two to three times per week, for 6- 
month treatment courses is strongly recommended by 
the World Health Organization and the Centers for 
Disease Control and Prevention (CDC). Directly ob¬ 
served therapy improves compliance, increases the 
completion rate for full treatment courses, and slows 
the development of drug-resistant organisms. 173,181,183 

Patients should be seen at least monthly for an 
evaluation of their response to treatment, compliance 
with their drug regimen, and symptoms of adverse 
effects. The common adverse effects of the frequently 
used antituberculosis agents include: 

• isoniazid—hepatotoxicity and pyridoxine- 
associated peripheral neuropathy, 

• rifampin—gastrointestinal upset and accel¬ 
erated clearance of other drugs through 
hepatitic microsomal enzyme induction, 

• pyrazinamide—hepatotoxicity and hyperu¬ 
ricemia, 

• ethambutol—retrobulbar neuritis, and 

• streptomycin—ototoxicity. 181 

At a minimum, patients require these baseline tests: 
liver enzymes, bilirubin, creatinine, and complete 
blood and platelet count. Patients taking ethambutol 
require baseline tests for visual acuity and red-green 
color perception. If baseline results are normal, routine 
monitoring is not required. 181 Subsequent evaluations 
and monitoring are guided by symptoms, clinical 


assessments, and any coexistent risk factors. 

A patient with suspected pulmonary or laryngeal 
tuberculosis should be placed in tuberculosis isola¬ 
tion in a private room with appropriate ventilation 
and other engineering controls, such as negative 
pressure in the room and adjoining hallways, ven¬ 
tilation providing at least six air changes per hour, 
and air exhausted directly to the outside or recircu¬ 
lated only after HEPA (high-efficiency particulate 
air) filtration. The patient should remain in the iso¬ 
lation room with the door closed and should cover 
his or her mouth and nose with a tissue when 
coughing or sneezing. Health care providers and 
visitors should wear respiratory protection when 
entering the isolation room. In field settings and 
operational environments, isolation rooms and pro¬ 
cedures should be established as much as possible. 
Increasing natural ventilation and exposing patient 
spaces to natural ultraviolet light (sunlight) can help 
dilute airborne droplet nuclei and reduce the 
infectiousness of M tuberculosis in the air. 184 If a tu¬ 
berculosis patient must leave the isolation room, the 
patient should wear a surgical mask covering the 
nose and mouth; attendants and other staff do not 
need to wear masks. Patient movements should be 
scheduled to minimize contact with other patients, 
staff, and visitors. 

After a treatment regimen is begun, most patients 
who are infected with a drug-susceptible organisms 
will become noninfectious within days to a few 
weeks. Indications of reduced infectiousness in¬ 
clude decreased cough, fewer acid-fast bacilli on 
sputum smears, and improvement in systemic 
signs and symptoms. The risk of transmission is 
low if the patient has had three negative smears 
of sputum collected on three separate days. Pa¬ 
tients who remain infectious may return home 
and resume normal activities if their degree of 
infectiousness is low, ongoing contacts (eg, in the 
household or workplace) have already been exposed 
and are being monitored, and the environment 
is not conducive to transmission (eg, outdoors 
rather than indoors). 184 

If a patient with symptomatic pulmonary or la¬ 
ryngeal tuberculosis must be moved to another 
medical treatment facility, the patient should wear 
a surgical mask. Ground transportation is preferred; 
transmission of tuberculosis from a highly infec¬ 
tious passenger to other passengers and flight crew 
has been documented during a long airplane 
flight. 185 If air transportation is necessary, use of a 
rotary-wing aircraft with open doors provides ex¬ 
cellent cabin ventilation. Transportation in fix¬ 
winged, pressurized aircraft should be avoided if 
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possible until adequate antimycobacterial treatment 
has been instituted. When a symptomatic tubercu¬ 
losis patient must travel by air, aircraft routing 
should minimize the flight time and the patient 
should be seated to limit contact with other pas¬ 
sengers and crew and, if possible, be downstream 
in the cabin ventilation flow. 

Control 

Screening for tuberculosis infection in US mili¬ 
tary populations is done for several purposes. Re¬ 
cruits receive tuberculin tests when they arrive at 
recruit training for two purposes: (1) to identify 
the recruits with preexisting tuberculosis infection 
and then provide appropriate preventive therapy and 
(2) to establish for all recruits a baseline test result for 
comparison with tuberculin tests later during mili¬ 
tary service. Recruits with reactive tuberculin tests 
receive chest radiographs and clinical evaluations, 
which periodically lead to a diagnosis of active tu¬ 
berculosis. Subsequent tuberculosis screening var¬ 
ies among and within the services. Because of the 
substantial risk of tuberculosis transmission in the 
shipboard environment, the Navy and Marine 
Corps require annual tuberculin testing for person¬ 
nel on ships and for those assigned to deployable 
units. For all services, screening before and after 
deployments and overseas assignments is a com¬ 
mon practice. The medical plan for an operation 
usually dictates the tuberculosis screening require¬ 
ments based on the endemic disease threat and the 
nature of the military operations. A tuberculin test 
within 12 months of deployment is adequate for 
establishing the predeployment status. A tuberculin 
test administered 45 to 90 days after the deployment 
allows service members who acquired a new tuber¬ 
culosis infection during the deployment to receive 
preventive therapy at the earliest possible opportu¬ 
nity. Results of postdeployment screening provide 
an assessment of the military-specific risk of tuber¬ 
culosis exposure associated with the deployment. 
All of the services require annual tuberculosis 
screening of health care personnel. For other health 
care beneficiaries, the services follow CDC recom¬ 
mendations for screening for tuberculosis infection 
in population groups that experience disease and 
infection rates in excess of the general popula¬ 
tion. 177,179 Foreign-born spouses and other family 
members from most countries in Africa, Asia, and 
Latin America are a high-risk group; they should 
be screened for tuberculosis and tuberculosis infec¬ 
tion when they enter the military health care sys¬ 
tem or immigrate to the United States. 179 For the 


foreign-born person, the risk of developing active 
disease is highest in the first few years after arrival 
in the United States. In countries where tuberculo¬ 
sis is highly endemic, screening host-nation em¬ 
ployees for evidence of active tuberculosis disease 
through tuberculin tests and chest radiograph and 
referring them for treatment may reduce the rate of 
transmission to US forces and their families. 

Preventive therapy provides substantial protec¬ 
tion against developing clinically active disease in 
a person infected with M tuberculosis —65% for a 6- 
month regimen with isoniazid and 70% to 90% (de¬ 
pending on compliance) for a 12-month regimen. 
The recommendations for preventive therapy and 
its duration vary with the person's tuberculosis risk 
factors, age, and size of tuberculin test reaction 179 
(see Table 38-5). The two most common indications 
for preventive therapy of a military member are (1) 
close contact with a newly diagnosed infectious 
tuberculosis case and a tuberculin test reaction of 5 
mm or larger induration and (2) recent tuberculin 
test converters. US Navy and Marine Corps recruits 
with tuberculin test reactions of 10 mm or larger 
receive preventive therapy (if not previously re¬ 
ceived) regardless of risk factors and age to mini¬ 
mize the risk of developing tuberculosis on ships. 

The primary preventive treatment regimen is iso¬ 
niazid daily in a dose of 300 mg (10-15 mg /kg daily 
for children, to a maximum dose of 300 mg/d) for 9 
months. A 6-month regimen of isoniazid (at least 180 
doses administered within 9 months) is also effective. 179 
Children should receive 9 months of preventive 
therapy. The greatest barrier to effective preventive 
therapy is compliance, 184 which is a particular chal¬ 
lenge in young, otherwise healthy military person¬ 
nel. Directly observed therapy with twice-weekly 
isoniazid (15 mg/kg up to 900 mg) is an effective 
option to improve compliance. Preventive therapy 
regimens with rifampin (10 mg /kg daily, up to 600 
mg/d for 4 months) or rifampin-pyrazinamide 
(daily for 2 months) have been shown to be accept¬ 
able alternatives for contacts of patients with iso- 
niazid-resistant, rifampin-susceptible organisms. 179 

Before starting isoniazid preventive therapy, a 
history, physical evaluation, chest radiograph, and 
HIV test are necessary to exclude persons with cur¬ 
rent active tuberculosis, previous adequately- 
treated tuberculosis, previous adequately treated 
tuberculosis infection, or contraindications. 179 The 
evaluation also identifies persons requiring special 
precautions or monitoring. Contraindications to iso¬ 
niazid preventive therapy include previous iso- 
niazid-associated hepatitis or other severe adverse 
reactions and acute or unstable liver disease from 
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any cause. Isoniazid-induced hepatotoxicity is the 
major adverse effect. Older studies had found that 
the occurrence of hepatitis increased with age: 0.3% 
for those 20 to 34 years of age and 1.2%, for those 
35 to 49 years of age. More recent studies have dem¬ 
onstrated that isoniazid is well tolerated, with a 
lower risk for hepatic side effects. Currently, 
baseline liver function tests are recommended for 
HIV-infected persons, pregnant women and those 
in the immediate postpartum period, persons with 
a history of liver disease, daily users of alcohol, and 
those at risk for chronic liver disease. Although iso¬ 
niazid does not appear to harm the fetus, pregnant 
women should generally begin preventive therapy 
after delivery. Concurrent therapy with pyridoxine 
is indicated for persons at risk of isoniazid-associ- 
ated peripheral neuropathy, pregnant women, and 
persons with seizure disorders. 179 The interaction 
of isoniazid and phenytoin requires monitoring se¬ 
rum levels of phenytoin. 

Patients on isoniazid preventive therapy should 
be evaluated monthly for compliance and for signs 
and symptoms of active tuberculosis, hepatotoxic¬ 
ity, or other adverse effects. 179 Failure to keep an 
appointment or fill a prescription indicates noncom¬ 
pliance and requires a follow-up contact. 184 Unex¬ 
plained or persistent anorexia, nausea, vomiting, 
dark urine, icterus, rash, paresthesias of the hands 
and feet, persistent fatigue, weakness, fever, or ab¬ 
dominal pain (especially right upper quadrant ten¬ 
derness) should prompt an evaluation, including 
liver function tests. Transient, mild abnormalities 
of liver function tests may occur in 10% to 20% of 
people taking isoniazid. For persons with abnormal 
baseline liver function tests or at risk for hepatic 
disease, such as daily users of alcohol, liver func¬ 
tions tests should be obtained monthly during pre¬ 
ventive therapy. Isoniazid should be stopped if the 
aspartate aminotransferase (AST) level is three to five 
times the upper limit of normal or if the patient is 
symptomatic and has increased liver enzymes. 179 

Tuberculosis infection without evidence of active 
disease is not disqualifying for military service. 
Persons with evidence of a tuberculosis infection 
(a reactive tuberculin test) but without clinical or 
radiographic evidence of active disease are not in¬ 
fectious, regardless of whether they have started, 
completed, or never received preventive therapy. 
Military service members with reactive tuberculin 
tests without evidence of active disease are fully 
deployable. Upon transfer or separation, a military 
service member on isoniazid preventive therapy 
needs counseling on the importance of continuing 
therapy, an adequate supply of isoniazid, and ex¬ 


plicit instructions on reporting to the military pre¬ 
ventive medicine service or civilian public health 
department on arriving at the new location. The 
current military preventive medicine service should 
contact the receiving military or civilian public 
health office to "hand off" the military service mem¬ 
ber and minimize the opportunities for incomplete 
or inadequate preventive therapy. 

Active tuberculosis disease is a notifiable or re¬ 
portable disease in the public health reporting sys¬ 
tems of each service, every state, and the US Public 
Health Service. At the unit or local level, the local 
military preventive medicine service should be no¬ 
tified as soon as tuberculosis is suspected. The pre¬ 
ventive medicine service will initiate and conduct 
a contact investigation, coordinate with the civil¬ 
ian health department if required, and make the 
required notifications to the military and civilian 
public health surveillance systems. 

A contact investigation is essential to identify 
others with undiagnosed tuberculosis who require 
treatment for their disease and who may be a source 
of ongoing transmission. 184 Contact investigations 
allow persons who have acquired a tuberculosis 
infection from their exposure to the source case to 
be identified early and given preventive therapy. 
Contact investigations proceed with concentric 
circles of tuberculin tests and clinical assessments 
of contacts. Close contacts, those sharing the same 
household or living spaces, are investigated first. 
Close contacts may also include work and social 
contacts of the case. If the level of infection (rate of 
tuberculin test converters) among the close contacts 
exceeds that expected in the general population, the 
investigation should expand to the next circle of 
contacts—those who share the same air as the case 
but not as frequently or as intensely as the close 
contacts. The investigation expands in concentric 
circles until the observed rate of tuberculosis infec¬ 
tion is no greater than that expected in the general 
population. Most military outbreaks start with ex¬ 
amination of the close contacts, those who share the 
same berthing space, barracks room, or work space. 
Frequently, if that assessment confirms that trans¬ 
mission has occurred, it is logistically easier to con¬ 
duct a mass test of the remainder of the unit (eg, 
the entire ship's crew) than to try to discern varying 
levels of exposure in a population whose living, 
working and social arrangements may be exten¬ 
sively intertwined. 169,170,172 The contact investigation 
of a military member with tuberculosis commonly 
requires close coordination with the civilian public 
health department to ensure that nonmilitary con¬ 
tacts are evaluated. Special attention is required 
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when children may have been exposed to a per¬ 
son with active pulmonary tuberculosis. Newly 
infected children can progress rapidly to active 
disease. They should immediately start preven¬ 
tive therapy even if their initial tuberculin test is 
nonreactive and continue preventive therapy for 
a total of 9 months unless a repeat tuberculin test 
at 3 months is negative. 179 

The Occupational Safety and Health Administra¬ 
tion has issued detailed enforcement procedures 
and standards for workplaces with employees who 
are occupationally exposed to tuberculosis. 186 These 
standards apply to health care facilities, correctional 
institutions, and other settings. The CDC has issued 
specific guidelines for preventing the transmission 
of tuberculosis in health care facilities. 187 

Tuberculosis Control among Displaced Persons 

Among refugees and displaced persons, tuber¬ 
culosis incidence has been found to be two to three 
times greater than the incidence in the general 
population. 188 The World Health Organization esti¬ 
mates that 50% of refugees are infected with tuber¬ 
culosis. 173 Among refugees and displaced persons, 
the effects of intense crowding, undernutrition, and 
stress from other diseases are superimposed on a 
preexisting high prevalence of tuberculosis infec¬ 
tion and disease. Famine increases the rate of mor¬ 
tality from tuberculosis. In 1983, tuberculosis was 
the third leading cause of death in Somali refugee 
camps and was responsible for 25% of adult 
deaths. 188 Coinfection with HIV and drug-resistant 
tuberculosis organisms increases the complexity of 
diagnosing, treating, and controlling tuberculosis 

SEXUALLY TRANSMITTED DISEASES AND HI 

Introduction and Military Relevance 

The history of sexually transmitted diseases 
(STDs) and military forces is a long one. Edward 
IV of England invaded France in 1475 to reclaim 
lost provinces. In a successful attempt to buy off 
the enemy, Louis XI of France treated the English 
with royal hospitality. Louis XI provided whores, 
who took their own special revenge on the invad¬ 
ers. "Many a man was lost that fell to the lust of 
women, who were burnt by them; and their mem¬ 
bers rotted away and they died," 190(p223) claims one 
doleful English chronicler. Sexually transmitted 
diseases have been associated with the US military 
from its earliest campaigns. In 1778, Congress 
passed a resolution that military personnel afflicted 


disease among refugees and displaced persons. 173,189 

In refugee populations, identifying and treating 
patients with pulmonary tuberculosis is the most 
effective strategy for preventing morbidity, mor¬ 
tality, and further transmission of infection. Chest 
radiographs rather than tuberculin tests are fre¬ 
quently the more effective screening method. 188,189 
Treatment programs should use locally recognized 
regimens that can be continued by national or non¬ 
governmental organizations. The World Health 
Organization strongly recommends the use of directly 
observed therapy with multidrug, short-course regi¬ 
mens to improve compliance and to achieve higher 
cure rates in the mobile refugee patients. 173 Docu¬ 
mentation of therapy, compliance, and response to 
treatment (eg, serial smears) remains important. 
Control of tuberculosis among refugees will have a 
significant long-term effect but often competes with 
the more acute problems of diarrheal disease, 
measles, and undernutrition. Tuberculin tests and 
use of preventive therapy are not recommended in 
refugees or displaced persons. HIV-infected persons 
with normal chest radiographs may benefit from 
preventive therapy with isoniazid. 189 If consistent 
with national policy, BCG vaccination of newborns 
is appropriate but does not contribute to tubercu¬ 
losis control among youth and adults. 

Tuberculosis may pose a significant problem for 
prisoners of war subjected to extreme crowding, 
stress from other diseases, and undernutrition, es¬ 
pecially if their confinement has been prolonged. 
The clinical evaluation of repatriated or liberated 
prisoners of war or detainees should include tuber¬ 
culin testing and chest radiographs. 

[David H. Trump, MD, MPH] 

AN IMMUNODEFICIENCY VIRUS INFECTION 

with "the venereal disease" were to be fined, $10.00 
for officers and $4.00 for enlisted personnel. 191 

There is no evidence to suggest US military 
personnel in the United States are more sexually 
active or have a higher STD rate than their age- 
matched civilian contemporaries. However, when 
deployed or stationed overseas, rates can increase 
dramatically. STD rates are closely associated with 
the degree of military activity, as was illustrated in 
the European theater in World War II. 192 In England 
before the Normandy invasion, US military STD 
rates were 35-40/1,000, falling to 5/1000 after D- 
day among troops in France. As US forces pushed 
into Europe, rates rose to 50/1000 but remained at 
25 /1,000 among combat troops. By September 1945, 
4 months after Germany surrendered, the STD rate 
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had risen to 190/1,000. 

The Vietnam War probably provided the highest 
incidence of military sexual activity and STD in US 
forces. Sexual abstinence was statistically abnormal 
for unmarried personnel. 193,194 In a 1973 study on a 
Navy aircraft carrier, the annual rate of gonorrhea 
was 582/1,000 men and of nongonococcal urethri¬ 
tis was 459/1,000 men. 195 Although these figures 
reflect repeat infections in some individuals, it is 
sobering to consider that statistically, every 
crewmember had at least one case of urethritis. 

Traditionally, liberty is a high-risk time for mili¬ 
tary personnel to acquire STDs. For example, dur¬ 
ing a 6-day port call in the Philippines during the 
Vietnam War, the average US sailor had 1.2 part¬ 
ners and had intercourse three times (2.5 exposures 
per partner). After controlling for number of expo¬ 
sures and partners, 8.2% of whites and 19.1% of 
blacks acquired gonorrhea. 196 A repeat study sev¬ 
eral years later had similar findings. 197 

Considerable anecdotal evidence indicates STD 
rates in the military in recent years have been far 
lower, less than 1% in such recent operations as Desert 
Shield/Desert Storm (the Persian Gulf War), Restore 
Hope (Somalia), Restore Democracy and Uphold De¬ 
mocracy (Haiti), and Sea Signal (Guantanamo Bay). 
In training exercises in the early 1990s, such as Co¬ 
bra Gold (Thailand), rates were also reported as 
being down, with anecdotal reports of extensive use 
(or at least acquisition) of condoms. Although it is 
difficult to quantify this decrease, the overall con¬ 
clusion that STD rates are down among military 
personnel overseas seems justified. Three plausible 
causal factors have been postulated but have no 
specific data to support them: (1) In some opera¬ 


tions, such as Desert Shield/Desert Storm, interac¬ 
tion with the local population was severely re¬ 
stricted and alcohol consumption was forbidden. 
These restrictions were successful in reducing not 
just STDs but also accidents, fights, and injuries. (2) 
Concerted efforts to emphasize the risks of sexual 
activity, especially acquired immunodeficiency syn¬ 
drome (AIDS), and to emphasize the use of 
condoms for those who insist on being sexually ac¬ 
tive seem to be working. In particular, operational 
medical officers report their impressions that fear 
of AIDS has reduced sexual activity and increased 
the use of condoms in areas the military popula¬ 
tion associates with AIDS, such as Africa, Haiti, and 
Thailand. (3) There may be a new generation of 
military personnel, particularly in the senior en¬ 
listed leadership positions, with a changing attitude 
toward sex overseas. Sexual activity, particularly 
with prostitutes, may no longer be as acceptable on 
liberty as it was during the Vietnam War. 193,194 

General Epidemiologic Issues 

A discussion of the general principles of STD 
epidemiology will be followed by specific discus¬ 
sions of the STDs of military relevance. General ref¬ 
erences applicable to sexually transmitted diseases 
are listed in Exhibit 38-1. 

Transmission 

STD epidemiology is complex, and our understand¬ 
ing of it is rapidly changing. It is often subpopula¬ 
tion-specific, with age, race, and socioeconomic 
status being the most important determinants, 198-200 


EXHIBIT 38-1 

STANDARD REFERENCES FOR SEXUALLY TRANSMITTED DISEASES 


• Holmes KK, Mardh PA, Sparling PF, et al, eds. Sexually Transmitted Diseases. 3rd ed. New York: 
McGraw-Hill; 1999. 

• Chin J, ed. Control of Communicable Diseases Manual. 17 ed. Washington, DC: American Public Health 
Association; 2000. 

• Centers for Disease Control and Prevention. Sexually Transmitted Diseases Clinical Practice Guidelines. 
Atlanta: CDC; 1991. 

• Centers for Disease Control and Prevention. Recommendations for the prevention and management of 
Chlamydia trachomatis infections, 1993. MMWR. 1993;42(RR-12):l-39. 

• Centers for Disease Control and Prevention. 1998 guidelines for treatment of sexually transmitted 
diseases. MMWR. 1993;47(RR-1):1-128. 
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so pooling of STD data may obscure important dif¬ 
ferences. 

In general, the epidemiology of STD differs in 
major respects from other communicable diseases: 201 
(a) the populations at risk are fractions of the total 
community (eg, young, sexually active adults; homo¬ 
sexual men), ( b) doubling the population density 
does not double the rate at which new infections 
occur, (c) long-term, asymptomatic carriers play an 
important role in perpetuating the disease, ( d ) most 
STDs induce no practical immunity, (e) the course 
of the infection varies greatly among individuals, 
and (f) STD transmission rates are characterized by 
considerable heterogeneity within and between dif¬ 
ferent populations. These differences make STD 
control a uniquely challenging part of infectious 
disease control. 

Aral and Holmes 200 point out important differ¬ 
ences in current STD epidemiology compared to 
that of the classic venereal diseases: (a) Among 
educated middle- and upper-class individuals in in¬ 
dustrialized countries, classic STDs have declined 
rapidly, while these same diseases have remained 
stable or increased among largely marginalized sub¬ 
populations, such as urban dwellers, the poor, and 
minorities. ( b ) Prostitution, including anonymous 
sex-for-drugs exchanges, has reemerged as an STD 
multiplier in industrialized countries, (c) STDs 
can be divided into curable bacterial STDs and 
incurable viral STDs, a distinction with important 
implications. Bacterial STD control depends on 
health-seeking behaviors and early diagnosis and 
treatment. Viral STD control depends on primary 
prevention through general STD education and 
individual counseling. ( d ) Cases of viral STDs are 
rapidly increasing, and reservoirs of asymptomatic 
viral STD cases are much larger than the number of 
symptomatic cases. ( e ) In developing countries, the 
lack of resources to identify gonorrhea and chlamy¬ 
dia in women make these diseases epidemiologi- 
cally similar to incurable viral STDs. (/) And for the 
first time since the preantibiotic era, behavioral 
change is the most important STD prevention and 
control strategy. 

Overseas deployment or liberty calls are the most 
important factors related to military STDs. Over¬ 
seas deployments provide the opportunity for the 
largely single, male, young adult force to partici¬ 
pate in inexpensive, readily available sexual activ¬ 
ity in an atmosphere of numerous rationalizations 
for such activity. Service members involved in an 
exhausting exercise or deployment with a busy op¬ 
erational tempo feel they deserve a break, a chance 
to let off steam. Overseas sex is part of military cul¬ 
ture and tradition, including rites of passage such 


as sexually initiating "virgins," the concept of the 
"geographic bachelor," and the unspoken under¬ 
standing that what happens on deployment will not 
be talked about back home. For individuals not 
planning a military career, overseas deployments 
may be perceived as an opportunity to see the world 
and do something exotic before settling into con¬ 
ventional civilian life. And for some individuals, 
taking advantage of the opportunity simply to have 
sex as often as possible is an integral part of their 
personal culture. Fallacious as these rationalizations 
may be, they may be perceived as an integral part 
of military overseas culture and need to be consid¬ 
ered in attempts to reduce STD rates. The traditional 
"VD lecture" is not likely to influence behavior 
originating in these rationalizations. 

In its battle to reduce STD rates, the military has 
tried to determine personality risk factors for acquir¬ 
ing STDs. World War II-era studies 202-207 identified 
military personnel at risk for STDs as less intelligent 
or educated (non-high school graduate), abusers of 
alcohol, often in legal trouble (military or civilian), 
dissatisfied with military service, and immature, 
socially maladjusted individuals with inadequate 
personalities. Studies during the Vietnam War in 
Australian soldiers 193 ' 208 failed to find any dominant 
personality type associated with STD acquisition or 
much difference between those with STDs and con¬ 
trol subjects, but alcohol use remained an associa¬ 
tion, as did younger age, less education, presence 
of military legal charges, and unmarried status. 
Studies of US Navy and Marine Corps personnel in 
the years immediately following the Vietnam War 
reached similar conclusions. 195,197,209-212 

A Navy epidemiologist named Melton tied the 
increased rate of STDs in young military personnel 
to the risk-taking behavior associated with youth 
and manifested by problems such as traffic acci¬ 
dents, smoking, drug use, and especially peer pres¬ 
sure and alcohol use. 213 Risk markers were being 
black, being young (younger than 20 years old), 
being unmarried, having less than a high school 
education, being in pay grades El through E4, hav¬ 
ing served less than 1 year in the Navy, and being 
on their first cruise. 214,215 Levine and colleagues 216 
identified the same risk markers, as well as perfor¬ 
mance marks 3.4 or lower (out of 4.0), a General 
Classification Score of 55 or lower, and a history of 
disciplinary actions. Some caution is required in 
interpreting these studies, since they were carried 
out in a era when Navy morale was widely consid¬ 
ered to be less than optimal. 

As one reviewer summarized, "The stereotypi¬ 
cal picture of the military patient with an STD is 
that of a young, low-ranking, poorly educated. 
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single male, who tends to abuse alcohol and to get 
into legal problems and who has usually had more 
than one episode of an STD." 214p92 To the extent that 
this stereotype is valid, there is little that is unique 
to the military in it; the picture is similar to those 
seen in many urban STD clinics. Hart, 208,217 however, 
veers away from the stereotype, attributing the high 
STD rates in his Vietnam studies to frequent inter¬ 
course with a highly infected prostitute population 
and "the environmental stresses of a war situation 
[which] produced behavior patterns which many 
participants would not otherwise experience." 208p546 
Noting that 44% of married draftees, 56% of those 
over age 30, and 30% of those with more than a high 
school education had sex with prostitutes, he con¬ 
cluded that "behavior which would make one an 
outcast at home is considered quite normal 
here." 194p46 ° Vietnam may have been unusual in the 
degree of sexual activity exhibited by military per¬ 
sonnel there, but the concept that war stress may 
induce increased sexual activity dates from at least 
World War II. 202,205,206 

In the civilian world, Rothenberg introduced the 
concept of STD core populations—predominantly 
marginalized urban, dense, low socioeconomic, eth¬ 
nic, minority populations—whose behavior per¬ 
petuates disease transmission among members of 
the core, which in turn serves as an STD reservoir 
for others. 218-221 These reservoirs of STD sustain high 
transmission rates because of high rates of chang¬ 
ing sex partners coupled with a high rate of endemic 
infection. They may also be the major source of an¬ 
timicrobial resistance. Sex with members of these 
groups by nonmembers is an important risk factor 
in itself and serves to export STDs out of the reser¬ 
voir. US military personnel are frequently exposed 
to such groups when they hire commercial sex 
workers (CSW) during deployments. This concept 
of core transmitters has been refined to suggest that 
local social structure may act as a barrier or facili¬ 
tator to disease transmission and that this variable 
needs to be considered in evaluating transmission. 222 
Further, STD epidemics are dynamic, moving 
through predictable phases. 223 With time, epidem¬ 
ics become localized in subpopulations character¬ 
ized by progressively higher rates of sex partner 
change and less contact with the health care system. 

Individual Risk Factors and Risk Markers. It is 
important to distinguish between risk factors, which 
relate to the probability of becoming infected and 
may be modifiable, and risk markers, which indicate 
presence of risk but no causal relationship. 200,224-241 
Risk factors preeminently include sexual behaviors 
(eg, age at first intercourse, number of partners, rate 
of acquiring new partners, having casual partners. 


sex preference, sex practices) and health care be¬ 
haviors (eg, nonuse of condoms and other barriers, 
late consultation for diagnosis and treatment, 
nonreferral of partners, noncompliance with 
therapy, douching). Risk markers include marital 
status, race, urban residence, and lower socioeco¬ 
nomic status. Some variables can function as either 
risk factors or risk markers (eg, age, gender, smok¬ 
ing, alcohol use, drug abuse, other STDs, lack of 
circumcision, contraceptive method). Numerous 
studies have been done with higher-risk popula¬ 
tions, such as STD clinic patients. The most impor¬ 
tant factors have repeatedly been found to be 
younger age at first intercourse, increased number 
of partners, casual choice of partners, and partners 
who themselves are at high risk for STD. Adoles¬ 
cents in particular attempt to minimize the effect 
of having multiple partners by practicing serial 
monogamy (ie, having sex with only partner at a 
time but frequently changing partners). 

Commercial Sex Workers. CSWs (prostitutes, 
hookers, "hooks") are most common in settings of 
poverty, social disintegration, and a double stan¬ 
dard of sexual behavior; they play a major role in 
the increase of STDs in developing countries. 242,243 
A reporter summed up the relationship between 
CSWs and the US military using an example from 
the Philippines: "The base and the town share a 
seamy symbiosis. Servicemen have money and a 
need to relax. Olongapenos have flesh and a need 
to eat. ,,244(pD ‘ 8) In countries such as Japan, the cost of 
CSWs is sufficiently high that few US military per¬ 
sonnel can afford them, making such countries low 
risk for STDs. In most developing countries, how¬ 
ever, commercial sex is both readily available and 
inexpensive. US military personnel in one country 
typically paid less than $20 for a night with a CSW 
(plus tip), and shorter encounters could be had for 
much less. In one African city, some CSWs charged 
only 50 cents. In 1995, CSWs in Thailand were 
charging $4.00. 245 Low prices greatly enhance the 
spread of STDs by removing cost as a disincentive, 
by requiring CSWs to have multiple partners to 
obtain enough money, and by allowing military 
personnel to have multiple partners. 

In countries where US military personnel fre¬ 
quently visit, other factors enhance and promote 
their access to CSWs. Locations of CSWs are usu¬ 
ally convenient to military personnel (an important 
consideration if liberty is short) and typically pro¬ 
vide familiar amenities such as beer (often relatively 
inexpensive), music (often live, of good quality, and 
current), and fellow Americans (often friends). In 
short, the locations where CSWs are found may be 
familiar, relaxing, comfortable, inexpensive, and 
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accessible. 

Unlike the stereotype of prostitutes as hard indi¬ 
viduals, CSWs often appear to be nice, friendly, and 
"clean" or uninfected. However, they are usually 
aggressive in going after customers, motivated by 
the fact that this may be the only source of income 
for themselves and their family, which may include 
a husband. The CSW may have expenses in addi¬ 
tion to food and shelter, such as clothing and groom¬ 
ing or money to be paid to the bar where she works. 
Other job opportunities are limited or nonexistent, 
especially for those with minimal schooling. 
Manaloto and colleagues 246 studied 18 Philippine 
prostitutes who were positive for the human im¬ 
munodeficiency virus (HIV). The women were 
poorly educated and came from low-income agri¬ 
cultural families. Returning to a low-income me¬ 
nial job was not attractive to them and working as 
a waitress or barmaid presented constant temptation 
to make extra money by having sex with customers. 

Long practice makes CSWs persistent, aggres¬ 
sive, and very effective at contacting military per¬ 
sonnel and enticing them into using their services. 
Liaisons are set up in numerous ways. The CSW 
may take the initiative in approaching a serviceman. 
If the serviceman voices concern about STDs, the 
CSW (in some countries) may honestly be able to 
say that she has been checked for disease at the lo¬ 
cal social hygiene clinic. Such clinics play an im¬ 
portant role in reducing the prevalence of STDs 
among CSWs, particularly treatable STDs, but there 
is a strong economic motive to appear uninfected 
on examination. The CSWs achieve this by douching 
or taking oral antibiotics (often in subtherapeutic 
doses), 247 which are widely available without a pre¬ 
scription in developing countries. 

Geographic Distribution 

STDs are found worldwide. There is no evidence 
that the virulence or infectivity of STDs varies geo¬ 
graphically. 248 An exception may be the HIV E clade, 
prevalent in Southeast Asia, which appears to be 
more infectious than other strains. 249 Differences in 
prevalence and incidence reflect such factors as the 
presence of STD control programs, availability of 
diagnostic and treatment services, population de¬ 
mographics, sexual behaviors, and the size of core¬ 
transmitter groups. For example, gonorrhea is more 
common in developing countries, while chlamydial 
infections are more common in the United States. 
This reflects the presence of effective gonorrhea 
control programs in the United States and their lack 
in developing countries. 200 In selected US cities with 


vigorous chlamydia control programs (eg, Seattle), 
the number of chlamydial infections has declined. 

Incidence 

The World Health Organization estimates there 
are 250 million STD cases annually, including 120 
million cases of trichomonas infection, 50 million 
of chlamydia infection, 30 million of genital warts, 
25 million of gonorrhea, 20 million of genital her¬ 
pes, 3.5 million of syphilis, 2.5 million of hepatitis 
B virus infection, 2 million of chancroid, and 11 
million of HIV infection. 250 Such figures provide an 
overall perspective, but there is great variability 
among different countries and populations. For ex¬ 
ample, in the United States an estimated 4 million 
to 5 million persons are infected with chlamydia 
each year, 251 compared to approximately 600,000 
reported gonorrhea cases. 252 In most developing 
countries, gonorrhea rates exceed chlamydia rates. 

Except for HIV, the incidence and prevalence of 
STD in the military cannot be determined with satis¬ 
factory reliability. Most reporting systems are frag¬ 
mented and passive, and they suffer from significant 
underreporting despite being officially required. 
Statistics from particular operations or exercises may 
be available, but they cannot be generalized. Military 
STD rates cannot be directly compared to civilian 
statistics because the military population is largely 
young, sexually active, single, and male. While the 
highest military STD rates occur among the 
lower-ranking enlisted personnel, in parallel with the 
civilian community's experience, there is little infor¬ 
mation about STD incidence rates among officers, war¬ 
rant officers, and senior noncommissioned officers. 
Because these individuals are older and better edu¬ 
cated—the most junior officer is at least 22 years old 
and a college graduate and the most junior enlisted 
person is typically an 18-year-old high school gradu¬ 
ate—their rates would be expected to be lower. Addi¬ 
tionally, a record of an STD is not career-enhancing; 
older individuals are more likely to be career oriented 
and so more motivated and better able to avoid sexual 
exposure or to keep their records clean. They may 
collude with medical personnel to treat an STD 
without entering it in their health record or to use a 
euphemism such as "urinary tract infection." Being 
better paid than lower-ranking service members, they 
may be able to obtain medical treatment outside the 
military system. 

A study 253 conducted from 1989 to 1991 looked 
at 1,744 male US Navy and Marine Corps person¬ 
nel on two 6-month cruises to South America and 
Africa. Overall, 10% of the subjects acquired an STD 
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but only 10% of those were officers. Sexual activity 
on liberty was independently associated with 
younger age (17 to 24 years), nonwhite race, and 
single status. Prostitute contact was reported by 
42% of the subjects, with 29% having one partner, 
35% having two to three partners, and 35% having 
four or more partners. Enlisted personnel were 
more likely to have had prostitute contact than of¬ 
ficers (43% vs. 26%). Although the overall reported 
rate of consistent condom use was high (but not 
100%), it is not surprising that 10% of the subjects 
acquired an STD given the high rate of risky be¬ 
havior. This study is consistent with studies show¬ 
ing young, nonwhite, single, military personnel 
have the highest risk of acquiring HIV infection and 
other STDs. 215 ' 216 ' 253 - 260 

Diagnostic Approaches 

Several tests provide immediate information, 
which allows a rapid presumptive diagnosis and a 
prompt treatment decision. This is important because 
the rapidity with which military personnel can be re¬ 
turned to duty directly and strongly influences their 
willingness to come for treatment and their unit's 
willingness to let them go and rapid diagnosis and 
treatment help reduce STDs by rendering patients 
noninfectious. Another advantage is that these are 
simple tests that can be carried out under field condi¬ 
tions. Urethral and cervical Gram stains allow for the 
diagnosis of gonorrhea, nongonococcal urethritis 
(NGU), and mucopurulent cervicitis (MPC). The pres¬ 
ence of Gram-negative intracellular diplococci is 
highly specific for gonorrhea, although the sensitiv¬ 
ity in cervicitis is low (approximately 50% to 60%). 
MPC can also be presumptively diagnosed by the 
swab test or the cervical friability test. The leukocyte 
esterase test (LET) is a dipstick test that detects pyuria. 
It has the advantage, in males, of being noninvasive— 
a urethral probe is not required. It has a sensitivity of 
46% to 100% and a specificity of 83% to 93% as a 
screen for chlamydia and gonococcal urethritis in 
sexually active teenage males. 261 EIA (enzyme-linked 
immunoassay) tests and monoclonal antibody tests 
for chlamydia are useful but may have somewhat 
limited sensitivity, especially in asymptomatic indi¬ 
viduals and in males. A negative test result does not 
necessarily rule out chlamydia infection in exposed 
individuals. Chlamydia tests may yield false-positive 
results in men and women, an important concern in 
rape and other settings. CDC guidelines 262 discuss 
these issues in detail. 

Bacterial culture and sensitivity tests can confirm 
Neisseria gonorrhoeae infection and determine bacte¬ 


rial sensitivity. The latter information can be useful 
for individual patients in whom antibiotic treatment 
fails; it can also provide population-based profiles of 
antibiotic susceptibility in different locations. Preven¬ 
tive medicine personnel should periodically arrange 
to collect 50 to 100 gonococcal isolates in areas where 
US forces deploy frequently or continuously and have 
them tested for sensitivity to a battery of antibiotics. 
Busy clinics that see large numbers of infected US 
personnel are ideal, but samples from CSWs seen in 
the local social hygiene clinic are also acceptable. 

Polymerase chain reaction (PCR), ligase chain 
reaction (LCR), and a variety of other chlamydia 
tests based on DNA probe technology may make 
many current diagnostic techniques obsolete. They 
have the advantage of being rapid, specific, and 
capable of making a diagnosis from specimens that 
contain minimal amounts of pathogens. Although 
they are rapidly moving into commercial develop¬ 
ment, most are still research tools. Technological 
advancements, especially if they emphasize automa¬ 
tion and user simplicity, could make these techniques 
the tools of choice for STD diagnosis. Drawbacks 
include the fact that these techniques are extremely 
sensitive to contamination, which can produce 
false-positive results especially in field settings, and 
that they are expensive for routine STD diagnosis. 

Serological STD tests are used to diagnose syphi¬ 
lis, HIV infection, and hepatitis B virus infection. 
Sera can easily be obtained in a field setting and 
are relatively tolerant of storage conditions, al¬ 
though refrigeration is required. Most of these tests 
are not useful for immediate patient management 
because they cannot produce prompt results. De¬ 
spite the delay in obtaining the results, they are 
important for population-based assessments and 
eventually for individual patient management. The 
RPR test for syphilis can provide immediate results; 
however, it has false-positive results. It may be ap¬ 
propriate to treat for presumptive syphilis on the 
basis of an RPR result, but, when possible, it is bet¬ 
ter to wait for a confirmatory test. 

Self-treatment, particularly topical antibiotics 
used for genital ulcers, may interfere with the di¬ 
agnosis of STDs. One study of 3,025 public STD 
clinic patients in the United States showed that 
22% of patients self-treated, with 55% of those 
using a topical medication. 263 Since antibiotics 
can be bought without a prescription in many 
foreign countries, the potential for this practice 
interfering with STD diagnoses in military per¬ 
sonnel is even greater, especially if the individu¬ 
als belong to a unit that deals with STD among 
its members punitively. 
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Recommendations for Therapy and Control 

The core roles of military preventive medicine re¬ 
garding STDs are listed in Exhibit 38-2. In the absence 
of widespread effective methods and programs to 
decrease STD acquisition and transmission, the ma¬ 
jor control measure is prompt treatment that ren¬ 
ders individuals noninfectious. Three approaches 
to finding infected persons are available: diagnosis 
and treatment of symptomatic individuals, screen¬ 
ing of high-risk individuals, and contact tracing and 
partner notification. 

Diagnosing and Treating Symptomatic Individuals 

Diagnosis and treatment of symptomatic indi¬ 
viduals is enhanced by a syndromic approach, that 
is, patient management decisions are made on the 
basis of symptoms and limited laboratory support, 
enabling rapid treatment. Advantages to this ap¬ 
proach are many. Treatment to render individuals 
noninfectious occurs earlier than it would if clinicians 
waited for definitive laboratory results. Individuals 
who never return for test results have nevertheless 
been treated and so cannot spread their infection. 
(More than one third of patients in one STD clinic 
continued to be sexually active after becoming 
symptomatic or being informed they had been ex¬ 
posed to gonorrhea. 264 ) Patients also spend less time 
in the clinic; this encourages individuals to come 
to the clinic, especially those who are not severely 
symptomatic. 

Ensuring that individuals are seen and evaluated 
promptly and in a private and nonjudgmental fash¬ 
ion is crucial. Unless highly symptomatic, individu¬ 


als are often reluctant to spend several hours being 
evaluated, and a service member's command will 
want to know the reason for any extended absence. 
A critical recommendation by the Centers for Dis¬ 
ease Control and Prevention is that patients with 
uncomplicated STDs should be seen, diagnosed, 
and treated within 90 minutes. 265 The patient can 
be brought back later for follow-up or evaluation 
of an abnormal laboratory test. 

In most military medical settings, service mem¬ 
bers concerned they may have an STD are seen by 
corpsmen, physician's assistants, or nurse practi¬ 
tioners, who successfully manage the bulk of STD 
cases without the involvement of a physician. Al¬ 
though this is an appropriate use of medical re¬ 
sources, it is necessary for the physician responsible 
for the STD clinic to ensure these health care provid¬ 
ers are well trained, follow appropriate algorithms 
and guidelines, and know to call a physician for 
complicated cases. Complicated cases do occur, and 
aberrant treatment regimens and unnecessary steps 
do creep in and compromise the success of the clinic. 
STD clinics should use the CDC guidelines 265 for 
patient management and treatment, unless there are 
specific local reasons not to do so. 

Screening 

Screening may use epidemiologically identified 
risk factors, laboratory tests, or a combination of 
them. Screening can be effective in comprehensive, 
well-integrated, highly controlled health care sys¬ 
tems. The usefulness of this approach is limited by 
the fact that several currently available diagnostic 
tests, particularly for chlamydia, are less sensitive 


EXHIBIT 38-2 

ROLE OF PREVENTIVE MEDICINE IN CONTROLLING SEXUALLY TRANSMITTED DISEASES 


• Prevent, reduce, or ameliorate risky behavior that may result in acquiring an STD 

• Interrupt transmission of STDs by ensuring that prompt diagnosis and treatment are available 

• Counsel individuals who have acquired an STD how to prevent further transmission and to notify sexual 
partners so they may be treated 

• Carry out, or arrange to be carried out, contact tracing of the sex partners of STD patients, when possible 

• Collect, analyze, and disseminate epidemiologic information regarding the incidence and prevalence of 
STDs, including risk factors 

• Collect, analyze, and disseminate antibiotic sensitivity data for bacterial STDs 
STD: sexually transmitted disease 
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in asymptomatic individuals and that motivation 
to be screened may be low if the patient is asymp¬ 
tomatic. Adolescent males in particular are difficult 
to capture with screening methods. 

An STD is a marker identifying an individual 
who has engaged in sexually risky behavior and 
who may have multiple STDs from current or pre¬ 
vious liaisons. As such, the individual with an STD 
should also be tested for syphilis, HIV, and HBV. 
The individual may have acquired one of these in 
the past or in conjunction with the current STD. 
Follow-up testing for syphilis, HIV, or HBV depends 
on the risk for having acquired one of these dis¬ 
eases and, in the case of syphilis, whether the per¬ 
son was treated with antibiotics that would abort 
incubating syphilis. 

Although it has never been official policy, for 
many years some ships' medical departments have 
offered members a self-screening opportunity, a 
"conscience check," on the way home from a deploy¬ 
ment. Individuals who have been sexually active 
but are asymptomatic can be tested for syphilis and 
gonorrhea in an attempt to ensure they do not in¬ 
fect their wives or girlfriends. The yield and effi¬ 
cacy of this practice have never been evaluated. 
With the current knowledge of a broader range of 
STDs, the role of this practice is even more uncer¬ 
tain. The conscience check carries the danger of 
providing false reassurance if individuals do not 
appreciate the lower sensitivity of some tests and 
the inability to test in the field for some diseases. 
This false reassurance may evolve into a false be¬ 
lief that risky sexual behavior is acceptable because 
the medical department can catch and treat any 
problems before the individual returns home. 

Contact Tracing and Partner Notification 

It is increasingly difficult for public health and 
preventive medicine authorities to maintain the old 
model of tracking down, evaluating, and treating 
sex partners, generally referred to as contact trac¬ 
ing. This model, based on the experience with 
syphilis in the 1930s and 1940s, was applied to gon¬ 
orrhea; it is not clear if it was effective. In recent 
years, numerous epidemiologic and public health 
changes have limited its effectiveness. These in¬ 
clude a burgeoning population, including increas¬ 
ing numbers of STD cases; decreasing personnel and 
fiscal support for public health in general and STD 
work in particular; and changes in sexual activity 
that often make contact tracing impossible, eg, 
anonymous exchanges of sex for drugs or money, 
sex between strangers, and increased sexual activ¬ 


ity in general. In many areas, contact tracing of sex 
partners may be limited to high-risk individuals, 
often locally defined (eg, women of child-bearing 
age who have been exposed to HIV). 

Contact tracing may be possible when the con¬ 
tacts are largely within the military system, particu¬ 
larly within the same unit. Foreign countries that 
cater to sex-seeking tourists may have local social 
hygiene facilities and may regulate CSWs and so 
may allow contact tracing. But it is not clear whether 
impoverished countries where sex is a major indus¬ 
try have ever been able to follow the US-developed 
model for contact tracing or have interest in doing 
so. Preventive medicine personnel deploying over¬ 
seas need to determine if such arrangements exist in 
popular liberty or recreation areas and make arrange¬ 
ments to share with the local health authorities the 
identities of sex partners provided by infected US 
military personnel. The Department of Defense uses 
the standard Public Health Service form CDC 
73.2936S (8/91) for sexual contact reporting, as well 
as any required local civilian reporting form. 

Contact tracing may be stymied by the inability 
or unwillingness of the patient to identify sex part¬ 
ners, as well as by other limitations. When the pa¬ 
tient knows and can contact his or her partners, the 
patient must be urged to do so, a process known as 
partner notification. The health care provider should 
instruct the patient to tell the partner the STD di¬ 
agnosis, make clear that the partner must be as¬ 
sumed to be infected even if the partner has no 
symptoms, and instruct the partner to see a health 
care provider for treatment. 

The next crucial step after contact tracing and 
partner notification is epidemiological treatment 
(epitreatment) of sex partners, along with prompt 
treatment of the patient, to reduce STD transmis¬ 
sion. All sex partners are presumed to be infected 
and must be promptly treated for the same diagno¬ 
sis as the patient. Cultures and other tests can be 
obtained as appropriate, but epitreatment must be 
carried out when the partner is first seen, even if 
the partner denies symptoms or the possibility of 
infection, because an infected partner may go on to 
infect other persons. All sex contacts of patients 
diagnosed as having a treatable STD must receive 
epitreatment, using a regimen appropriate for the 
diagnosis. CDC guidelines 266 recommend sex part¬ 
ners of patients with gonorrhea, chlamydia, or 
nongonococcal urethritis be notified and referred 
for evaluation and epitreatment if they have had sex 
within 60 days before the onset of their symptoms 
or diagnosis. If the patient's last sexual contact was 
more than 60 days previously, the most recent sex 
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partner should be notified and treated. Although 
epitreatment is emphasized, a thorough evaluation is 
also needed. In a Baltimore, Maryland, STD clinic, 23% 
of women attending as STD contacts had multiple 
STDs, compared to 10% of noncontacts. 267 

It is important for individuals diagnosed with 
nontreatable STD to be notified also. Some treat¬ 
ment options may be possible, for example, HBV 
vaccine may be offered to an uninfected partner. 
Notification also allows partners to determine their 
own situation (eg, to be tested for HIV) and then, 
after appropriate counseling, take steps to prevent 
their transmitting the infection to others. For her¬ 
pes simplex virus, it is particularly important for 
women to know they have been placed at risk. If 
they become pregnant, it allows them to notify their 
obstetrician, who can then take steps to protect the 
baby from a devastating neonatal herpes infection. 

Medical personnel counseling or managing STD 
cases should avoid identifying an individual as the 
source of the infection simply because that indi¬ 
vidual seems obvious or is suspected by the patient. 
This can be particularly sensitive and emotional 
when an STD occurs in an ostensibly monogamous 
relationship. The first priority is to identify and treat 
all contacts promptly. Determining who infected 
whom is a secondary consideration, preferably 
carried out with the help of an experienced sexual 
contact tracer and good knowledge of the epidemi¬ 
ology of the STD being traced. Failure to be careful 
in identifying the epidemiologic course of the in¬ 
fection or in avoiding premature conclusions may 
create difficulties and barriers to managing these 
cases and may result in legal problems for the medi¬ 
cal staff if they inaccurately identify the source of 
the infection. Often it is more accurate and more 
appropriate simply to say that it cannot be deter¬ 
mined who infected whom. 

Prevention 

When US military personnel are stationed or 
deployed overseas for a prolonged period, US pre¬ 
ventive medicine personnel should try to establish 
an effective working relationship with local public 
health authorities to reduce the prevalence of STD 
in the core groups of transmitters, such as CSWs. 
The US Navy in the Philippines worked closely with 
the Social Hygiene Department of Olongapo City, 
next to the Subic Bay Naval Base, and provided 
technical and consultative assistance, antibiotics, 
and laboratory support. Gonorrhea among regis¬ 
tered CSWs, who were examined and treated at the 
Social Hygiene Department clinic every other week. 


had an incidence rate of 4%. 197 In contrast, unregis¬ 
tered CSWs, who were beyond the control of the 
department, had a gonorrhea rate of 40%. US Air 
Force personnel at nearby Clark Air Base similarly 
worked closely with the Social Hygiene Clinic in 
Angeles City. CSWs, particularly unregistered pros¬ 
titutes, commonly used prophylactic antibiotics, 
which are available without prescription, in an at¬ 
tempt to protect themselves. 247 This practice offers 
no protection against STDs but does interfere with 
STD screening programs. The ability to intervene 
in a core group of CSWs may be limited to those 
STDs that can be readily diagnosed and treated by 
antibiotics or are vaccine preventable. However, 
attempts to eradicate infection by mass antibiotic 
treatment of all CSWs produce, at best, minor, tran¬ 
sient reductions in STD rates. 268 

While treatment and screening are the most im¬ 
portant step in controlling STDs, education is very 
important also. The challenge is to make the edu¬ 
cation more effective than the infamous "VD lec¬ 
tures" of the past by taking into account various 
behavioral factors. 

Behavioral Considerations. There are no current, 
definitive, comprehensive data on US sexual behav¬ 
ior, 269 which greatly handicaps designing preven¬ 
tion programs. This is a critical deficiency because 
more than any other communicable disease, STDs 
are intimately and highly influenced by social be¬ 
havioral factors. Data on sexual behavior come from 
mainly two sources whose relevance to a military 
population may be limited: inner city STD clinics 
and college campuses. A third source, prostitutes, 
may have relevance for the risks faced by deployed 
military personnel. 228 

Alcohol. Alcohol consumption promotes STD 
acquisition by reducing inhibitions and interfering 
with discrimination. 270 The relationship among 
alcohol, sex, and STDs was recognized far back in 
military experience. In World War I, under the in¬ 
fluence of the social hygiene movement, military 
bases forbade the sale of any alcoholic beverages 
in a zone around the base extending for several 
miles. World War II-era studies identified alcohol 
use as a risk factor for STDs, 202-207 as did studies in 
the Vietnam War era, 193-195 a 1996 study of Thai mili¬ 
tary recruits, 245 and studies of STDs in civilians. 225,226 
Attempts to reduce STDs must include education 
on the critical role alcohol plays in acquiring STDs 
and training and techniques to avoid or limit alco¬ 
hol consumption. 

Adolescent Risk-Taking Behavior. The majority 
of reported military STD cases occur among junior 
enlisted personnel, many of whom are still in their 
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teens. Studies of adolescent risk-taking behavior, 
although only partially overlapping military per¬ 
sonnel at the older (late teen) end of these studies, 
probably have considerable relevance. Adolescents 
tend to have unplanned, sporadic sex, and sexual 
activity is strongly influenced by affiliation with 
peers who already are sexually active. 271 The larg¬ 
est proportion of military personnel at risk for STDs 
are members of a group—adolescents and young 
adults—that inherently tends to take risks in all 
aspects of life because they perceive themselves as 
invulnerable. Their profession itself is risky (eg, 
weapons firing, parachuting. Special Forces activi¬ 
ties) and being comfortable with risky activities 
may—appropriately or not—generalize to other 
areas of their life. Prevention efforts must take this 
into account. 

Behavior Change and Education. Since the onset 
of the HIV epidemic, it has become obvious that 
the "one size fits all" approach to STD education 
and prevention is neither appropriate nor effective. 
Programs must be tailored to gender, race/ethnicity, 
culture, sexual orientation, and probably level of 
education and socioeconomic status, among other 
factors. For example, a study of 914 heterosexual 
individuals seen in South Carolina STD clinics (with 
a 41% gonorrhea prevalence) looked at recruitment 
of sex partners. 272 It concluded that risk reduction 
counseling for men should target reducing promis¬ 
cuity by reducing their number of sex partners and 
of casual sex partners. Women, mostly monoga¬ 
mous and therefore facing different problems, 
needed counseling about care in partner selection 
and use of condoms with their steady sex partners. 

Boyer summarizes the key qualities of a good 
STD intervention program for adolescents: "Pro¬ 
grams that are likely to be most effective are those 
that target cognitive and behavioral skills to in¬ 
crease adolescents' sense of self-efficacy and en¬ 
hance their ability to communicate, problem-solve, 
and make appropriate decisions about engaging in 
sexual intercourse." 273p610 Programs must go beyond 
simply presenting knowledge about STDs. They 
must impart knowledge and skills to resist peer 
pressure, to negotiate condom use, and to project 
future consequences of their behavior. Alternatives 
to sexual intercourse and how to decide if and when 
to have sex should be included. Programs that em¬ 
phasize skills are more effective and need to include 
multi-method and multi-media approaches. Didac¬ 
tic information about STDs must be current and 
accurate. It should also emphasize that some STDs 
have asymptomatic periods but still may be trans¬ 
missible and that some STDs are life-long and in¬ 


curable. Adolescent intentions to have sex are 
strongly related to beliefs and motivations about 
sex, as opposed to knowledge about STDs. 273,274 

Physicians and other health care providers can 
affect the health behavior of their patients. 275-278 
Patients expect health counseling from their health 
care deliverers and interpret the absence of such 
counseling as indicating the issue is not important 
or they are not at risk. Physicians need to emphasize 
harm reduction rather than absolute elimination of 
all risk, since the latter is usually not realistic. Par¬ 
ticularly in the area of HIV risk reduction, insistence 
on a "zero defects" approach may lead to "unreal¬ 
istically high standards for evaluating programs 
(perhaps more exacting than for clinical research), 
and may overlook or undermine their effect¬ 
iveness." 277p1145 Arguing that condoms should not 
be used because they are not 100% effective is par¬ 
ticularly pernicious. 

One study 279 showed evidence that teenage 
sexual behavior, as measured by condom usage, 
average frequency of sexual intercourse, age at first 
intercourse, and chlamydial infection, can change. 
Applying the techniques proven effective in an ur¬ 
ban STD clinic on a group of teenagers, 279 an initial 
study suggested this approach may be effective with 
Marine Corps personnel. 280 Intervention and con¬ 
trol groups were at high risk for STDs. They were 
young and predominantly single, had had an aver¬ 
age of 18 lifetime sex partners and two partners in 
the past 3 months, and only 9% and 14% always 
used condoms (49% and 42% never used condoms). 
About 30% had paid for sex, and about 25% had 
had a prior STD. The intervention, based on the 
Information, Motivation, and Behavioral Skills 
(IMB) behavior model, consisted of four 2-hour ini¬ 
tial sessions, plus a 2-hour follow-up session, and 
included didactic slides, interactive group exercises, 
deployment-specific videos, and homework assign¬ 
ments. Sessions focused on STD and HIV transmis¬ 
sion, treatment, and outcomes; perceptions of risk 
and self-efficacy; peer influence; the impact of al¬ 
cohol and drugs; and liberty-specific risk factors. 
Risky behavior was significantly reduced in the in¬ 
tervention group: alcohol consumption (84% vs. 
91%), mean number of beers per day (7 vs. 9), and 
number of sexual partners (none: 61% vs. 44%; more 
than two: 11% vs. 17%). 

Education and the "VD Lecture." Traditional di¬ 
dactic education about STDs seems to have little 
effect in reducing STD incidence. Jones and col¬ 
leagues 207 found no correlation between knowledge 
of common STDs and risk for acquiring an STD in a 
study of 1,885 men on an aircraft carrier. Other stud- 
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ies 197,281 have suggested traditional educational ef¬ 
forts may reduce the incidence of STDs in military 
personnel. Hook, 282 after reviewing the available 
literature, concluded it is not clear such efforts ac¬ 
tually result in behavioral changes that decrease 
STD acquisition. The traditional "VD lecture" is 
based on the assumption that military personnel do 
not know how STDs are acquired and that knowl¬ 
edge of the nature of STDs is an effective deterrent 
(eg, scare tactics showing vivid pictures of genital 
lesions). Neither assumption seems justified, with 
the possible exception of fear of AIDS. The prob¬ 
lem likely lies in an individual conviction that al¬ 
though STDs are a risk, someone else will be the 
person who acquires one. 

Some didactic information may be helpful in 
changing behavior, notably the distinction between 
curable and incurable STDs; the fact that many in¬ 
dividuals are asymptomatically infected for pro¬ 
longed periods but are capable of infecting others, 
including spouses; and that there are no simple, 
reliable ways to tell when a potential sex partner is 
infected. All STD education programs must stress 
abstinence as the only sure way to avoid acquiring 
an STD (Plan A); however, for those who will not 
be abstinent, there must be a Plan B. Its foundation 
is the consistent, proper use of condoms. All STD 
educational efforts need to identify sexually risky 
behaviors, which should be avoided (Exhibit 38-3). 

STD educational programs may indirectly reduce 
STD rates by sensitizing individuals to the signs and 
symptoms of infection, which might otherwise be 
overlooked or ignored. To the extent that they re¬ 
sult in earlier diagnosis and treatment, such efforts 
contribute to STD control. Behavioral perceptions 
may provide an opportunity for behavioral change. 
For example. World War II studies found 12% to 36% 
of whites and 50% of blacks believed intercourse is 
necessary to maintain good health. 204,207 Only 55% 
of those without an STD believed masturbation was 
injurious to health, compared to 75% of those with 
an STD. 204 

Condoms. Not having condoms available results 
not in a lack of sexual activity but rather in sexual 
activity without condoms. For sexually active indi¬ 
viduals, condoms must be available and their use 
promoted. As a World War I prevention poster tar¬ 
geting soldiers going on furlough expressed it, "NO 
is the best tactic; the next, PROPHYLACTIC!" 
Condoms should be readily available in essentially 
unlimited quantities, and individuals should be 
encouraged to take as many as they want. Condom 
promotion should emphasize the use of a new con¬ 
dom for each sex act. Boxes of condoms should be 


available in numerous locations (eg, the medical 
clinic, bathrooms, locker rooms and gyms, galleys 
and mess halls, and lounges) selected to provide 
ready access with a degree of privacy, particularly 
from senior personnel. Not having condoms readily 
available and in large quantities markedly under¬ 
mines efforts to promote safer sex practices. This 
lack implies condom usage is not really important 
(otherwise condoms would be available) and that 
the medical unit is not really interested in support¬ 
ing the practices it urges people to follow. 

Limiting the number of condoms that may be 
taken at one time, having individuals sign for the 
condoms they receive, and making individuals ask 
for condoms are all effective ways to discourage 
condom use. Any action that can be interpreted as 
monitoring condom usage, especially on an indi¬ 
vidual basis, should be avoided. A Navy physician 
once stationed himself at the gangplank of a ship 
tied up in a liberty port. Everyone going ashore was 
asked if he planned to have sex and offered a con¬ 
dom if the answer was affirmative. Much to the 
physician's surprise, few individuals admitted to 
this or accepted a condom. A dual authority figure— 
a physician and an officer—was publicly quizzing 
individuals about an activity not held in the high¬ 
est regard by senior officers and in which they had 


EXHIBIT 38-3 

RISKY BEHAVIOR THAT PROMOTES 
ACQUIRING A SEXUALLY 
TRANSMITTED DISEASE 


• Sex with prostitutes, including exchanging sex 
for drugs or other items 

• Casual sex with strangers or casual acquaintan¬ 
ces (eg, pick-ups, one-night stands) 

• Sex with multiple partners, even if it is with 
only one partner at a time (serial monogamy) 

• Sex between men 

• Sex with an individual who uses intravenous 
drugs 

• Sex with a partner who has multiple sex part¬ 
ners or who has other sex partners who use 
intravenous drugs 

• Sex with partners who may have a sexually 
transmitted disease 

• Sex without a condom 
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EXHIBIT 38-4 

PROPER USE OF CONDOMS 


• Use only latex condoms, not natural membrane condoms (natural membrane condoms may transmit a virus) 

• Store condoms in a cool, dry place out of direct sunlight 

• Do not use condoms in damaged packages or those that show obvious signs of age (eg, brittleness, sticki¬ 
ness, or discoloration) 

• Handle condoms with care to prevent tears or punctures 

• Put on the condom before any genital contact to prevent exposure to fluids that may contain infectious 
agents; hold the tip of the condom and unroll it onto the erect penis, leaving space at the tip to collect semen 
without trapping air in the tip 

• Use adequate lubrication; do not use petroleum- or oil-based lubricants (eg, petroleum jelly, cooking oils, 
shortening, lotions) because they weaken the latex 

• Replace a broken condom immediately 

• Take care after ejaculation that the condom does not slip off the penis before withdrawal; hold the base of 
the condom while withdrawing; withdraw the penis while it is still erect 

• Use a fresh condom each time; never reuse a condom 

Adapted from: Centers for Disease Control and Prevention. Condoms for prevention of sexually transmitted diseases. MMWR. 

1988;37:133-137. 


been advised not to participate. 

Medical and preventive medicine personnel need 
to teach condom users how to use them properly 
and effectively (Exhibit 38-4). Condom effectiveness 
has been studied by measuring two outcomes, preg¬ 
nancy and STD acquisition. Pregnancy typically 
occurs 10% to 15% of the time over the course of a 
year but may be as infrequent as 2% for couples 
using condoms correctly and consistently. Two re¬ 
cent reviews 283,284 indicate condoms are effective in 
preventing numerous STDs, including HIV, as have 
other studies. 279,285-287 

The Thai government developed an active pro¬ 
gram to decrease HIV transmission among its 
CSWs, which included buying and distributing 
condoms, disciplining commercial sex establish¬ 
ments that did not consistently use condoms, and 
bluntly promoting condoms as a way to reduce HIV 
infection through advertising campaigns. 288 This 
was influenced in part by a high rate of HIV 
seroconversion among military recruits, largely as¬ 
sociated with heterosexual intercourse with 
CSWs. 254,285 From 1989 to 1993, use of condoms by 
CSWs increased from 14% to 94%, and the rates of 
the five major STDs decreased 79%. Related stud¬ 
ies suggest the problem of continued STD transmis¬ 
sion may be due in part to inconsistent condom use, 
failure to use condoms with girlfriends (as opposed 
to CSWs), and alcohol use. 245,288 A subsequent study 


found that HIV seroprevalence among Thai Army 
cohorts fell from the range of 10.4% to 12.5% (be¬ 
tween 1991 and 1993) to 6.7% (in 1995), the propor¬ 
tion of men having sex with a CSW fell from 81.4% 
to 63.8%, and use of condoms increased from 61.0% 
to 92.5%. 289 

The range of effectiveness suggests condom fail¬ 
ures are due to factors other than problems with 
the condoms themselves. Condom breakage rates 
in a variety of populations have been reported as 
0.5% to 7%, with the higher figures associated with 
anal sex. 283 Breakage is usually due to the use of 
inadequate lubrication (particularly with minimal 
foreplay), petroleum-based lubricants (which de¬ 
grade the latex), rough handling (particularly fin¬ 
gernail tears), or failure to leave adequate space at 
the tip of the condom. All these sources of "failure" 
are correctable by proper education in condom use 
and handling. 

US personnel deployed overseas should not buy 
foreign condoms because they leak twice as much 
as US-made condoms. 290 The military supply sys¬ 
tem purchases the same standard condoms avail¬ 
able to civilians. 291 Storage and transportation 
within the supply system may be a problem, how¬ 
ever, so condoms should be checked for signs of 
deterioration from age or storage at temperature 
extremes. 

Probably more important than mechanical fac- 
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tors in undercutting condom effectiveness is reluc¬ 
tance or inability to use them. For heterosexual men, 
use of drugs or alcohol is a major factor in failing 
to use condoms, followed by their partner not en¬ 
dorsing condom use. 270,292 Men were also less likely 
to use condoms if they reported being in love with 
their partners or had difficulty discussing condom 
usage with their partners. Women were less likely 
to use condoms if they were black, felt condoms 
decreased sexual pleasure, reported being in love 
with their partner, or had partners unwilling to use 
condoms. 270 Factors associated with condom usage 
included acceptance of condom advertising, percep¬ 
tions of partner and peer acceptance of condoms, 
and effect on sexual pleasure. 293 Both the mechani¬ 
cal aspects of condom use and negotiating condom 
use with a partner can be taught to STD clinic pa¬ 
tients, with a significant reduction of STD infec¬ 
tions. 294 Ordering service members to use condoms 
is not effective, even when they are faced with pos¬ 
sible punitive action. One half of 1,103 HIV-posi¬ 
tive soldiers did not always use condoms, despite 
having been ordered to do so. 295 

Condom use by women may be particularly 
problematic. 296 A national survey found that over¬ 
all only 41% of sexually active, never-married 
women aged 15 to 49 years used condoms and only 
32% used them consistently. 297 Women at greater risk 
for STD and HIV (eg, those with larger numbers of 
lifetime partners) were even less likely to use 
condoms. 240 The perception that they might acquire 
AIDS did not influence condom use. 297 Negotiation 
of condom usage is particularly important for women, 
since women tend to have less control over the events 
of a sexual encounter, including the male partner's 
use of a condom. The traditional alternative sugges¬ 
tions that women should abstain or alter the number 
and selection of their partners may be less realistic 
for women than for men. 298,299 The so-called "female 
condom," approved by the Food and Drug Adminis¬ 
tration in 1993, offers a way for women to obtain 
greater control, but because of its price (and perhaps 
for other reasons which are not clear), it has not been 
widely accepted. Although a variety of other, fe¬ 
male-controlled methods provide protection against 
some STDs, 299 Cates and colleagues 300 suggest the 
data are "inconclusive" regarding the absolute level 
of protection of spermicides against HIV and STD 
and recommend that both women and men who 
practice high-risk sex continue to use (male) 
condoms as their first line of defense. 

It is sometimes argued that condoms should not 
be provided because they provide a false sense of 
confidence since they do not provide perfect pro¬ 


tection. This argument misses the point. A number 
of individuals are going to engage in risky sexual 
behavior, despite all efforts to dissuade them. For 
these individuals, even some protection is an ad¬ 
vantage. Individuals can be taught to use condoms 
properly and consistently. As Roper and Curran, 
(then, respectively, the Director and the Director for 
STD Prevention at the CDC) expressed it, "Our pre¬ 
vention message should be clear on this point: 
When used correctly and consistently, condoms are 
highly effective; when used otherwise, they are 
not." 301pS02 

Alternative Recreational Outlets. Social activi¬ 
ties and recreational facilities have always been 
considered vital to maintaining morale and directly 
or indirectly to keeping STD rates down. 202,203,205 ' 207 
Ratcliffe noted higher STD rates in units without 
recreational or social facilities, 207 suggesting the 
absence of such facilities may encourage sexual ac¬ 
tivity as an antidote to boredom and frustration. It 
is doubtful, though, that recreational activities can 
totally prevent STDs or reduce them below some 
baseline rate. The problem was succinctly expressed 
in the musical South Pacific: "We got volleyball and 
Ping-Pong and a lot of dandy games; what ain't we 
got, we ain't got dames!" [Used with permission of 
the estate of Oscar Hammerstein.] 

Quarantine. Particularly in the past, STD cases 
were sometimes "quarantined," (denied liberty 
until they were demonstrated to be no longer in¬ 
fectious) to prevent them from infecting other 
people. Aside from its overall impracticality, quar¬ 
antine has a more pernicious effect. Faced with a 
possible loss of liberty, symptomatic individuals 
who fear they may have an STD or the worried well 
who have simply exposed themselves will elect not 
to come to sick call until the last possible day. In 
the meantime, they remain sexually active and in¬ 
fect additional people. Individuals with curable 
STDs should be instructed not to have sex for an 
appropriate period, but they are rendered nonin- 
fectious within hours using current antibiotic regi¬ 
mens. Quarantine should never be used. It drives 
symptomatic cases underground and ultimately is 
self-defeating. 

Patients presenting with a possible STD should 
have at a minimum a thorough examination of the 
genito-rectal area, including the inguinal lymph 
nodes. Women should have a pelvic examination, 
including visualization of the cervix. This requires 
the patient to undress from the waist to the knees. 
Other areas should be evaluated depending on the 
patient's history and suspected disease. For example, 
syphilis may produce a skin rash or cranial nerve 
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or meningeal symptoms; gonorrhea may produce a 
rash, joint symptoms, or pharyngitis. Evaluation of 
all genital ulcers should include consideration of 
syphilis, herpes, chancroid, and lymphogranuloma 
venereum. Patients should be serologically tested 
for syphilis, HBV, and HIV. The incubation period 
for HBV and HIV seropositivity is sufficiently long 
that a patient is unlikely to be seropositive from the 
current exposure. However, any STD is a marker 
indicating that a patient has been engaging in risky 
sexual behavior, and therefore the patient may be 
seropositive from a prior sexual exposure. Follow¬ 
up serologic testing for HBV and HIV infection 
should be strongly considered. 

Specific Sexually Transmitted Diseases 

Gonorrhea (Urethritis and Cervicitis) 

Description of the Pathogen. Gonorrhea is 
caused by the bacterium Neisseria gonorrhoeae. An¬ 
tibiotic resistance is a continual concern. Antibiot¬ 
ics of the penicillin, amoxicillin, and tetracycline 
types are no longer effective for most practical pur¬ 
poses. Spectinomycin resistance has been a prob¬ 
lem in Asia, and quinoline resistance is a potentially 
emerging problem. 

Epidemiology. Gonorrhea is almost always trans¬ 
mitted by sexual contact. Fomites are not usually 
considered to play a role in gonorrhea transmission. 
However, in an experiment at the Navy Environ¬ 
mental and Preventive Medicine Unit No. 2 in Nor¬ 
folk, Virgina, an inflatable sex doll was inoculated 
in its "vagina" with a quantity of gonococci compa¬ 
rable to that delivered during a single sex act. The 
doll was maintained at room temperature under 
ambient conditions. Viable organisms, in sufficient 
numbers to infect a new partner, could be recovered 
for up to 24 hours. Sex toys should not be shared. 

N gonorrhoeae is distributed worldwide. The ra¬ 
pidity of air travel from overseas deployments or 
exercises in high-risk areas is a particular concern 
to the military. Citing unpublished data, Berg re¬ 
ported on 28 cases of penicillinase-producing N 
gonorrhoeae (PPNG) acquired by US sailors and 
Marines in Southeast Asia. 214 Most (71%) had been 
exposed 1 to 3 days before departure; actual travel 
time was about 24 hours. Fifty-one percent became 
symptomatic the first day back in San Diego and 
were initially treated an average of 4.6 days after 
arrival. Eighteen percent had been sexually active 
before receiving effective treatment, an average of 
12.3 days after arrival. Military deployments to 
Southeast Asia were possibly responsible for acqui¬ 


sition of the HIV E clade by eight Western hemi¬ 
sphere military personnel, including three US Navy 
personnel. 302,303 

Endemic gonorrhea has been largely eradicated 
in Europe, but incidence rates remain high among 
poor and minority populations in the United 
States, 304 with these groups closely resembling the 
populations of developing countries. The US 
gonorrhea rate, 240/100,000 cases annually (for 
approximately 600,000 cases a year 251 ), can be com¬ 
pared to a rate of 14/100,000 in Sweden, 305 but 
equating the United States and Europe may not be 
valid. 198,199,306 In the United States, gonorrhea tends 
to cluster in lower-economic, inner-city popula¬ 
tions, where the rate among African-Americans is 
30 times higher than among whites. 307 Studies of 
male military personnel have found 2% to 10% have 
asymptomatic gonorrhea. 213,308-310 

Pathogenesis and Clinical Findings. The incuba¬ 
tion period in men is 3 to 7 days, and occasionally 
it is as long as 18 days; 10% to 20% of those infected 
are asymptomatic. The incubation period in women 
is 7 to 60 days; 50% to 80% of infected women are 
asymptomatic. Coinfections are highly common; 5% 
to 30% of men and 25% to 50% of women with gon¬ 
orrhea have chlamydia, and 40% of sex partners of 
men with gonorrhea have chlamydia. All gonorrhea 
cases are presumed to be coinfected with chlamydia 
and are cotreated with an antichlamydial antibiotic. 

Acute urethritis is the most common manifesta¬ 
tion of gonorrhea in men. Although the classic pre¬ 
sentation is an abrupt onset of dysuria and copious 
purulent discharge ("running like a river and 
pissing razor blades"), gonorrhea may mimic 
nongonococcal urethritis (NGU) or may be asymp¬ 
tomatic. Distinguishing gonorrhea and NGU on the 
basis of patient history is unreliable. 

Mild cervicitis and asymptomatic endocervical 
infection are common manifestations in women. 
Endometritis, salpingitis, and pelvic peritonitis, 
with the subsequent risk of infertility, may also oc¬ 
cur. All forms of female gonococcal infection are 
commonly minimally symptomatic. Diagnosis 
based only on history and physical examination will 
miss many cases. 

Diagnostic Approaches. In men, a Gram-stained 
urethral smear is diagnostic for gonorrhea if it dem¬ 
onstrates Gram-negative intracellular diplococci. It 
has a sensitivity of 90% to 95% in symptomatic men 
and 50% to 70% in asymptomatic men; its specific¬ 
ity is 95% to 100%. Specimens should be obtained 
by inserting a calcium alginate swab about 2 cm into 
the urethra and leaving it there for 10 to 30 seconds. 
It should be withdrawn with a twisting motion. 
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rolled (not smeared) over a glass slide, and then 
smeared onto a culture plate. The Gram stain can 
also diagnose NGU. STD laboratory personnel 
should be trained to report four possible Gram stain 
interpretations: (1) gonorrhea (presence of white 
blood cells and Gram-negative intracellular diplo- 
cocci), (2) NGU (white blood cells without Gram¬ 
negative diplococci), (3) a nonspecific smear (cells 
and debris are present but in no diagnostic pattern), 
and (4) negative (a few epithelial cells or nothing). 
Ideally, the patient has not urinated for at least 4 hours 
before providing the urethral specimen because he 
may have temporarily washed out evidence of in¬ 
fection. If a patient with a history compatible with 
urethritis has a negative smear, diagnostic results 
may be obtained by having him return when he has 
not urinated for 2 to 4 hours. As a practical matter, 
though, taking patients as they come usually pro¬ 
vides a diagnosis. 

In women, a cervical Gram stain is 50% to 70% 
sensitive for diagnosing gonorrhea, with a speci¬ 
ficity of 95% to 100%. Although a Gram stain may 
be useful, its relatively low sensitivity necessitates 
a culture. Anal cultures detect a few additional gon¬ 
orrhea cases. They should be done if gonorrhea is 
suspected or the woman has been exposed to gon¬ 
orrhea. (Women may become rectally infected from 
rectal intercourse or from rubbing infected secre¬ 
tions into the rectum.) When cervical specimens are 
taken for gonococcal culture, the speculum should 
be lubricated with only warm water to avoid the 
possibility of bacteriostatic agents in lubricants get¬ 
ting on the swab or cervix and producing a false¬ 
negative culture. Excess cervical mucus should be 
blotted away with a swab and then a different ster¬ 
ile cotton-tipped swab inserted into the cervical os. 
The swab should be moved from side to side for 10 
to 30 seconds. It should be withdrawn, rolled on a 
glass slide, and then smeared on Thayer-Martin or 
other appropriate culture media (Exhibit 38-5). 

Diagnosis and management of complicated gono¬ 
coccal infections, such as disseminated gonococcal 
infection (arthritis-dermatitis syndrome), pelvic 
inflammatory disease, epididymo-orchitis, or gono¬ 
coccal ophthalmia are beyond the scope of this 
chapter. They are prevented by the same means as 
uncomplicated gonococcal infections. 

Recommendations for Therapy and Control. Per¬ 
tinent, current CDC treatment recommendations are 
summarized in Exhibits 38-6 and 38-7. 

Since 1994, there have been six reports of relative 
or high-level gonococcal resistance to ciprofloxacin, 
including treatment failures. 311-315 Most infections 
were probably acquired in Southeast Asia. A Japa¬ 
nese report 316 examined gonococcal isolates col¬ 


lected in 1992 and 1993 and compared them to those 
collected a decade earlier. The MIC50 (minimum 
concentration of antibiotic required to inhibit the 
growth of 50% of a collection of bacterial strains) 
had increased 4-fold and the MIC90 8-fold. In Bal¬ 
timore, ciprofloxacin MICs in 1,846 gonococcal iso¬ 
lates did not increase from 1988 to late 1994, 317 which 
may be related to the limited use of quinolone anti¬ 
biotics in that area. For now, quinolone antibiotics 
at recommended doses remain an acceptable treat¬ 
ment for gonorrhea, 318 but military personnel 
should be alert to the possible emergence of more 
widespread resistance among individuals infected 
in Southeast Asia. 

Cotreatment of Chlamydia. Using azithromycin to 
treat coexisting chlamydia infections has the advan¬ 
tage over other antichlamydial antibiotics of much 
better compliance since it requires only a single dose, 
as opposed to 7 days of doxycycline treatment. 
Azithromycin powder can be dissolved to produce a 
suspension and administered to patients as directly 
observed therapy. Azithromycin has only been ap¬ 
proved by the US Food and Drug Administration for 
use against proven chlamydia infections or for 
cotreatment of presumptive chlamydia when treating 
gonorrhea. Stamm and colleagues, 319 in a study of 452 


EXHIBIT 38-5 

CRITERIA FOR THE DIAGNOSIS OF 
GONOCOCCAL URETHRITIS 


Suggestive Diagnosis—both: 

• Evidence of mucopurulent exudate on ex¬ 
amination 

AND 

• Sexual exposure to a partner known to be 
infected with Neisseria gonorrhoeae 

Presumptive diagnosis—any one of these: 

• Gram-negative diplococci on Gram stained 
urethral smear 

• N gonorrhoeae cultured but not confirmed 
with sugar fermentation or other tests 

• N gonorrhoeae detected by a nonculture labo¬ 
ratory test 

Definitive diagnosis: 

• Neisseria gonorrhoeae is both cultured and 
confirmed 

Source: Centers for Disease Control and Prevention. 

Sexually Transmitted Diseases Clinical Practice Guidelines. 

Atlanta, Ga.: CDC; 1991. 
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EXHIBIT 38-6 

TREATMENT OF URETHRITIS AND GONOCOCCAL OR CHLAMYDIA PROCTITIS IN MEN 


Gonococcal Urethritis 

Cefixime 400 mg orally in a single dose 

OR 

Ceftriaxone 125 mg intramuscularly in a single dose 

OR 

Ciprofloxacin 500 mg orally in a single dose 

OR 

Ofloxacin 400 mg orally in a single dose 

PLUS 

Azithromycin 1 g orally in a single dose 

OR 

Doxycycline^ 100 mg orally twice a day for 7 days 

Follow-Up and Abstention from Intercourse. Patients should be instructed to refrain from sexual intercourse 
until 7 days after the initiation of therapy and until all of their partners have been cured. Patients treated with 
a recommended regimen do not need to be seen in follow-up unless their symptoms recur. If symptoms recur, 
the patient should be reevaluated and retreated if there is evidence of infection. Patients who receive erythro¬ 
mycin may need to be reevaluated 3 weeks after completion of therapy. 


Source: Centers for Disease Control and Prevention. 1998 guidelines for treatment of sexually transmitted diseases. MMWR. 

1998;47(RR-1). 

Alternative single dose gonococcal regimens: Spectinomycin 2 gm IM, ceftizoxime 500 mg IM, cefotaxime 500 mg IM, 
cefotetan 1 gm IM, or cefoxitin 2 gm IM plus probenecid 1 gm orally. (Only cefoxitin requires probenecid.) Each of these 
regimens also requires antichlamydia treatment with azithromycin or doxycycline. 

* Doxycycline can be taken with food, but Pepto Bismol, iron products, and antacids may bind with it and reduce its ab¬ 
sorption. 

* Alternate nongonococcal urethritis regimens: erythromycin base 500 mg orally 4 times a day for 7 days, erythromycin 
ethylsuccinate 800 mg orally 4 times a day for 7 days, or ofloxacin 300 mg orally twice a day for 7 days. If only erythromy¬ 
cin is available but a patient cannot tolerate the erythromycin regimens just given, one of the following regimens may be 
used: erythromycin base 250 mg orally 4 times a day for 14 days or erythromycin ethylsuccinate 400 mg orally 4 times a 
day for 14 days. 

s Alternative chlamydia urethritis regimens: erythromycin base 500 mg orally 4 times a day for 7 days, erythromycin 
ethylsuccinate 800 mg orally 4 times a day for 7 days, or ofloxacin 300 mg orally twice a day for 7 days. 


+ s 

Nongonococcal Urethritis and Chlamydia Urethritis 5 

Azithromycin 1 g orally in a single dose 

OR 

Doxycycline^ 100 mg orally twice a day for 7 days 

Gonococcal or Chlamydia Proctitis 

Regimens appropriate for gonococcal urethritis plus 
doxycycline 100 mg orally twice a day for 7 days. 


men, demonstrated that a single dose of 1 gm of 
azythromycin was as effective as standard doxycy¬ 
cline treatment for NGU. An accompanying edito¬ 
rial, 320 a study of azythromycin for cervicitis, 321 and 
one for chlamydial infections in both sexes 322 argue 
that azithromycin, although more expensive than 
doxycycline, is cost effective because it prevents com¬ 
plicated infections and additional infections. 

Treatment Failures. Preventive medicine units 
periodically receive reports of "ceftriaxone-resistant 
gonorrhea" or gonorrhea "resistant" to other anti¬ 
biotics. These reports usually reflect an unacknowl¬ 
edged reinfection or a faulty diagnosis. Antibiotic 
resistance is determined in the microbiology labo¬ 
ratory, a resource not readily available to most field 


or operational units. Such reports are, in almost all 
cases, actually reports of treatment failure. There 
are a number of possible explanations. The symp¬ 
toms may represent an untreated or improperly 
treated chlamydia coinfection. It may be a recur¬ 
rence of a simultaneous chlamydia infection, de¬ 
spite the patient's having taken antichlamydia 
medicine. If it is gonorrhea, it is almost always a 
reinfection, but the patient may not admit this be¬ 
cause of the patient's belief that he or she could not 
be infected a second time. Reasons for this belief 
include an erroneous assumption that the patient's 
sex partner was treated simultaneously (and there¬ 
fore could not reinfect the patient) or that the pa¬ 
tient had sex with a different partner who was 
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EXHIBIT 38-7 

TREATMENT OF CERVICITIS AND GONOCOCCAL OR CHLAMYDIA PROCTITIS IN 
WOMEN 


* 

Gonococcal Cervicitis 

Cefixime 400 mg orally in a single dose 

OR 

Ceftriaxone 125 mg intramuscularly in a single dose 

OR 

Ciprofloxacin 500 mg orally in a single dose 

OR 

Ofloxacin 400 mg orally in a single dose 

PLUS 

Azithromycin 1 gm orally in a single dose 

OR 

Doxycycline* * 100 mg orally twice a day for 7 days 

Mucopurulent Cervicitis 

Women with mucopurulent cervicitis should be 
tested for Neisseria gonorrhoeae and Chlamydia 
trachomatis and treatment based on those test re¬ 
sults. Empiric therapy for either or both of these 
entities should be considered if (a) the patient is 
suspected of being infected, ( b) the prevalence of 
these infections is high in the patient population, 
and (c) the patient may be difficult to locate for 
treatment. 


Chlamydia Cervicitis* 

Azithromycin 1 gm orally in a single dose 

OR 

Doxycycline* 100 mg orally twice a day for 7 days 

Gonococcal or Chlamydia Proctitis 

Regimens appropriate for gonococcal cervicitis 
plus doxycycline 100 mg orally twice a day for 7 
days 

Pregnancy. Doxycycline and erythromycin estolate 
are contraindicated during pregnancy. Ciprofloxacin 
and ofloxacin are contraindicated in pregnant and 
lactating women and persons less than 18 years old. 
Preliminary data indicate azythromycin may be safe 
in pregnancy, but data are insufficient to recommend 
its use in pregnancy. Pregnant women may be treated 
for chlamydia using erythomycin base, erythromy¬ 
cin ethylsuccinate, or amoxicillin 500 mg orally 3 
times a day for 7 days. A repeat evaluation of preg¬ 
nant women for chlamydia 3 weeks after completion 
of therapy is recommended. 

Follow-up and Abstention from Intercourse. Patients 
should be instructed to refrain from sexual inter¬ 
course until 7 days after the initiation of therapy and 
until all of their partners have been cured. Patients 
treated with a recommended regimen do not need to 
be seen in follow-up unless their symptoms recur. If 
symptoms recur, the patient should be reevaluated 
and retreated if there is evidence of infection. Pa¬ 
tients who receive erythromycin may need to be re¬ 
evaluated 3 weeks after completion of therapy. 


Alternative single-dose gonococcal regimens: Spectinomycin 2 g IM, ceftizoxime 500 mg IM, cefotaxime 500 mg IM, 
cefotetan 1 g IM, or cefoxitin 2 g IM plus probenecid 1 g orally. (Only cefoxitin requires probenecid.) Each of these 
regimens also requires antichlamydia treatment with azithromycin or doxycycline. 

* Doxycycline can be taken with food, but Pepto Bismol, iron products, and antacids may bind with it and reduce its ab¬ 
sorption. 

* Alternative chlamydia cervicitis regimens: Erythromycin base 500 mg orally 4 times a day for 7 days, erythromycin 
ethylsuccinate 800 mg orally 4 times a day for 7 days, or ofloxacin 300 mg orally twice a day for 7 days. 

IM intramuscularly 

Source: Centers for Disease Control and Prevention. 1998 guidelines for treatment of sexually transmitted diseases. MMWR. 

1998;47(RR-1). 


thought to be uninfected (eg, a spouse). In a sur¬ 
prising number of these reports of antibiotic "re¬ 
sistance," a proper evaluation was not done at the 
time the patient reappeared. Instead, the medical 
provider simply accepted the patient's version of 


what happened and retreated the patient without 
obtaining any laboratory tests. 

True treatment failures due to antibiotic resis¬ 
tance are highly important sentinel events and 
should be investigated thoroughly. The most impor- 
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tant action is to culture the infection and submit the 
gonococcal isolate for antibiotic sensitivity testing. 
Other steps in the investigation include reviewing 
the medical record and interviewing those involved 
to determine an accurate history of events, includ¬ 
ing which laboratory tests were done and the re¬ 
sults. The patient should be thoroughly questioned 
about sexual exposures since the initial treatment, 
with an emphasis on identifying all sexual contacts 
and not simply those the patient thinks might have 
been the source of the infection. All contacts are 
presumed to be potential sources of infection and 
need to be evaluated accordingly. 

Follow-up evaluation of uncomplicated gonococ¬ 
cal infections is generally not needed, because cur¬ 
rent treatment regimens based on ceftriaxone are 
highly effective and test-of-cure cultures are not 
needed. Instead, patients should be instructed to 
return if their symptoms persist or recur. Follow¬ 
up evaluation with test-of-cure cultures should be 
considered for alternative treatment regimens and 
particularly for patients in relationships in which 
all sex partnters may not be treated simultaneously, 
leading to possible reinfection (ping-pong infec¬ 
tion). The patient and partners should be instructed 
not to have sex until 7 days after all medications 
have completed by everyone and the patient and 
partners are asymptomatic. 

Gonococcal Pharyngitis 

Epidemiology. Gonococcal pharyngitis can be 
acquired directly through oral sex. 

Pathogenesis and Clinical Findings. Gonococcal 
pharyngitis is clinically indistinguishable from any 
other bacterial or viral pharyngitis. It is associated 
with disseminated gonococcal infection but often 
occurs as an isolated entity. 

Diagnostic Approaches. Diagnosis is complicated 
by the common presence in the oropharynx of non- 
pathogenic Neisseria species, which can produce a 
false-positive Gram stain. Definitive diagnosis re¬ 
quires culture with the added step of sugar fermen¬ 
tation testing to identify specific Neisseria species. 
The throat swab specimen must be swabbed directly 
onto a Thayer-Martin culture plate. The standard 
culturette device used for streptococcal pharyngi¬ 
tis is poorly effective as a transport medium for 
gonococci. 

Throat cultures for gonorrhea should be obtained 
from homosexual men with pharyngitis, individu¬ 
als with pharyngitis and genital or rectal symptoms, 
individuals with pharyngitis and who have had 
recent sex contact with someone who has gonor¬ 


rhea, and individuals engaging in risky sexual be¬ 
havior whose symptoms have not responded to 
treatment for a "strep throat." Because eradication 
of Neisseria from the oropharynx can be difficult, 
two test-of-cure cultures are required, 4 days apart. 
Cultures must be scheduled after the patient has 
finished his or her antibiotic treatment for chlamy¬ 
dia. Although doxycydine or azithromycin may not 
eradicate N gonorrhoeae, they may have sufficient 
activity to cause a false-negative culture. 

Recommendations for Therapy and Control. See 
Gonorrhea and Exhibit 38-8. 


EXHIBIT 38-8 

TREATMENT OF GONOCOCCAL 
PHARYNGITIS 


Ceftriaxone 125 mg intramuscularly in a single dose 

OR 

Ciprofloxacin 500 mg orally in a single dose 

OR 

Ofloxacin 400 mg orally in a single dose 

PLUS 

Azithromycin 1 gm orally in a single dose 

OR 

Doxycycline* 100 mg orally twice a day for 7 days 

Follow-up. Gonococcal pharyngitis is more diffi¬ 
cult to treat than gonococcal infections of the uro¬ 
genital and rectal areas. Few regimens reliably 
cure such infections more than 90% of the time. 
Patients should be instructed to return for reevalu¬ 
ation if their symptoms persist or recur. Chlamy¬ 
dia coinfection of the pharynx is unusual, but 
coinfection at genital sites sometimes occurs. 
Therefore treatment for both gonorrhea and 
chlamydia is recommended. 

Pregnancy. Doxycycline is contraindicated in 
pregnancy; information is insufficient to recom¬ 
mend azythromycin in pregnancy. Ciprofloxacin 
and ofloxacin are contraindicated in pregnant and 
lactating women and persons less than 18 years 
old. See Exhibit 39-6 for alternate antichlamydia 
drugs that can used during pregnancy. 

Doxycycline can be taken with food, but Pepto Bismol, 
iron products, and antacids may bind with it and re¬ 
duce its absorption. 

Source: Centers for Disease Control and Prevention. 1998 
guidelines for treatment of sexually transmitted dis¬ 
eases. MMWR. 1998;47(RR-1). 
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Chlamydia (Urethritis and Cervicitis) 

Description of the Pathogen. The intracellular 
bacterium Chlamydia trachomatis causes the infec¬ 
tion commonly referred to as "chlamydia." 

Epidemiology. Chlamydia is transmitted by 
sexual intercourse and is found worldwide. In the 
United States, chlamydia infections do not appear to 
cluster geographically but reporting is not uniform. 

In the United States, 35% to 50% of NGU cases 
are caused by C trachomatis . 144p257_261 Studies of male 
military personnel have found 7% to 11% have had 
asymptomatic chlamydia infections. 310,323 Gynecologic 
screening of female US Navy recruits found 10% had 
asymptomatic cervical chlamydial infections. 324 

Pathogenesis and Clinical Findings. In both 
sexes, chlamydia often occurs as a coinfection with 
gonorrhea, and the two conditions can mimic each 
other. In men, chlamydia most commonly appears 
as urethritis, but complications include epididymi¬ 
tis, infertility, and proctitis (in men practicing re¬ 
ceptive anal intercourse). The incubation period is 
7 to 10 days and asymptomatic infections are 
common. In women with symptomatic infections, 
manifestations include endocervicitis and other 
gonorrhea-like conditions. Complications include 
salpingitis, ectopic pregnancy, and proctitis. In 
women, the incubation period is 7 days onward (the 
maximum time period is not known), and more than 
90% of women infected are asymptomatic. 

Diagnostic Approaches. Nonculture chlamydia 
tests are commercially available. Most have overall 
sensitivities of 60% to 90%. 261 Sensitivity correlates 
with symptomatology and may be 100% in indi¬ 
viduals with a profuse discharge. At the other ex¬ 
treme, many of these tests have not been evaluated 
in asymptomatic individuals, especially men; the 
tests' sensitivity in these individuals may be low. 
PCR and LCR chlamydia tests are highly sensitive 
and specific, especially when used in combination. 
They are not widely commercially available and are 
notorious for their sensitivity to contamination, 
which limits their use under field conditions. Com¬ 
monly available chlamydia tests can produce false¬ 
positive results, and caution is advised when such 
results may have legal implications, 262 for example, 
in rape cases. In such cases, verification with a sec¬ 
ond test is recommended, preferably one which uses 
a different epitope. The CDC has developed guide¬ 
lines for using and interpreting chlamydia test re¬ 
sults, 73 which consider such factors as prevalence 
of chlamydia in the population of interest, patient 
gender, and whether a false-positive result would 


have adverse effects. Serologic tests for chlamydia 
are not considered reliable and are not recommended. 

Recommendations for Therapy and Control. Un¬ 
complicated chlamydial infections treated with 
doxycycline or azithromycin do not routinely re¬ 
quire follow-up, unless symptoms persist or recur. 
Retesting after 3 weeks should be considered for 
patients who are treated with other medications. 
Individuals should also abstain from sex until 7 
days after completing medications (see Exhibits 38- 
6 and 38-7). 

Chlamydia screening in men is somewhat prob¬ 
lematic. Healthy young men rarely seek medical 
attention and usually avoid testing that requires a 
painful urethral swab. Chlamydia infections are 
common in sexually active young men, but the 
symptoms, if present, may be minimal or ignored. 
At least 10% are asymptomatically infected. Data 
on the sensitivity and specificity of nonculture 
chlamydia tests are limited because manufacturers 
may not evaluate chlamydia diagnostic tests in 
young men, particularly asymptomatic ones. A LET 
only requires a urine specimen. A positive result 
indicates white blood cells are present, but these 
may be due to gonorrhea, chlamydia, or some other 
infection. 

Sexually active young women are also at high 
risk for chlamydia infection and typically have no 
or minimal symptoms. MPC is easily diagnosed 
but is insensitive as an indicator of chlamydia in¬ 
fection. A diagnosis of MPC is useful because it al¬ 
lows treatment initiation, but the diagnosis of MPC 
does not justify avoiding other tests. A variety of 
nonculture chlamydia tests are very sensitive, but 
have both false-positive and false-negative results. 
Generally accepted criteria identifying women who 
should be screened for chlamydia infection include 
any of the following: 262 (a) Presence of mucopuru¬ 
lent cervicitis, ( b ) a sexually active woman younger 
than 20 years old, (c) a woman 20 to 24 years old 
who either uses barrier contraception inconsistently 
or has either had a new sex partner or more than 
one sex partner in the past 3 months, ( d ) a woman 
older than age 24 who uses barrier contraception 
inconsistently and has either had a new sex part¬ 
ner or more than one sex partner in the past 3 
months, and (e) a pregnant woman in a high-preva- 
lence area for chlamydia. All screening programs 
should be based on local STD epidemiology, when¬ 
ever possible. When a false-positive result may have 
adverse social, psychological, or medicolegal re¬ 
sults, positive results should be verified with a dif¬ 
ferent test. 
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Nongonococcal Urethritis 

NGU is a urethral infection caused by any of a num¬ 
ber of pathogens other than N gonorrhoeae. It is com¬ 
monly diagnosed on the basis of a urethral discharge 
and evidence of urethral inflammation (presence of 
white blood cells) without making a specific etiologi¬ 
cal diagnosis. The term predates the demonstration of 
chlamydia as the commonest cause of NGU and origi¬ 
nally simply meant that no organism could be identi¬ 
fied as the cause of the infection. For practical pur¬ 
poses, NGU is a male infection. Women may occa¬ 
sionally have symptoms of a bladder infection that is 
chlamydial in origin. This is referred to as the "acute 
dysuria syndrome" or the "dysuria pyuria syndrome." 

Obsolete terms for NGU are postgonococcal 
urethritis and nonspecific urethritis (NSU). Use of the 
latter term should be discouraged because it implies 
NGU is not a sexually transmitted disease. NGU has 
been attributed to beer and other alcoholic beverages, 
spicy foods, caffeine, masturbation, too much or too 
little sex, allergies, "toxins," and "strain." None of 
these are etiologic agents, a fact that bears emphasis 
because such beliefs reinforce the idea that NGU is 
not a sexually transmitted disease. The old practice 
of proscribing these agents as part of the treatment of 
NGU should be avoided, because doing so may 
undermine the credibility of medical personnel. 

Description of the Pathogens. By definition, 
NGU is not caused by N gonrrhoeae, a fact that 
manifests itself in the absence of Gram-negative 
diplococci on a urethral Gram stain. NGU is caused 
by the intracellular bacterium C trachomatis or the 
mycoplasma Ureaplasma urealyticum. Herpes 
simplex virus, the protozoan Trichomonas vaginalis, 
and possibly Mycoplasma genitalium are rare causes 
of NGU. These latter agents should be considered 
when the medication prescribed to treat NGU has 
no effect on symptoms. 

Epidemiology. NGU is transmitted in the same way 
as gonorrhea, and its etiological agents are distrib¬ 
uted worldwide. Gonococcal and nongonococcal ure¬ 
thritis have sufficient epidemiologic overlap that all 
cases of gonococcal urethritis are presumed to be 
coinfected with chlamydia (the commonest etiologi¬ 
cal agent of NGU), and treated as such. Further, 
urethritis diagnosed solely on the basis of a puru¬ 
lent or mucopurulent discharge, a positive LET, or 
the demonstration of 10 WBC or greater per high 
power field when examining first void urine, should 
be treated for both gonorrhea and chlamydia. C 
trachomatis causes about 25% to 55% of NGU, although 
the proportion decreases with age. Ureaplasma 


urealyticum causes up to 20% of NGU, perhaps more. 
Trichomonas vaginalis is an unusual cause of NGU 
in US studies, but is a more common cause in Euro¬ 
pean studies. Herpes virus rarely causes NGU. 

Pathogenesis and Clinical Findings. NGU is clas¬ 
sically described as having milder symptoms than 
gonorrhea, with either no dysuria or dysuria de¬ 
scribed as itching or tingling. The urethral discharge 
is clear and mucoid, may be scanty, and may be 
present only on awakening in the morning. Distin¬ 
guishing NGU from gonorrhea on the basic of clini¬ 
cal presentation is unreliable, however, since either 
disease can mimic the other. Asymptomatic infec¬ 
tion is common. 

Diagnostic Approaches. Although diagnostic 
tests are now available to identify C trachomatis, the 
most common cause of NGU, the concept of NGU 
is a highly utilitarian one in any setting where avail¬ 
able lab tests may only be capable of demonstrat¬ 
ing the presence of urethral inflammation (Exhibit 
38-9). Diagnosing NGU allows the patient to be 
treated effectively and promptly, a key step in pre- 


EXHIBIT 38-9 

CRITERIA FOR THE DIAGNOSIS OF 
NONGONOCOCCAL URETHRITIS 


Suggestive Diagnosis 

• History of urethral discharge plus one of the 
following: 

- Sexual exposure to a person known to 
have an NGU-causing organism 

- Positive leukocyte esterase test 

- < 5 WBC per oil field on a Gram stained 
urethral smear 

Presumptive Diagnosis 

• Abnormal urethral discharge 

OR 

• > 5 WBC per oil field on a Gram stained 
urethral smear 

PLUS 

• Exclusion of gonococci on Gram stain 

Mean of five oil fields 
WBC: white blood cell 

Source: Centers for Disease Control and Prevention. 
Sexually Transmitted Diseases Clinical Practice Guidelines. 
Atlanta: CDC; 1991. 
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venting the spread of infection. Recommended 
treatment regimens are highly active against the two 
agents that cause nearly all case of NGU. 

Treatment. See Exhibit 38-6. 

Mucopurulent Cervicitis 

MPC in women may be a clinical analogue of 
NGU in some respects. Like NGU, it is a syndromic 
diagnosis based on demonstrating cervical dis¬ 
charge and inflammation rather than a specific etio- 
logic agent. Its presence may allow the initiation of 
treatment. The etiological agents of MPC are not 
fully known. Both N gonorrhoeae and C trachomatis 
are associated with MPC, although neither organ¬ 
ism can be demonstrated in most MPC cases. More¬ 
over, cervical infections with these organisms may 
not demonstrate MPC. Most cases of MPC are as¬ 
ymptomatic, although cervical examination reveals 
a purulent or mucopurulent endocervical exudate. 
Some women have an abnormal vaginal discharge 
and vaginal bleeding (eg, after sexual intercourse). 

Diagnosis. Exhibit 38-10. 

Treatment. See Exhibit 38-7. 

Proctitis 

Description of the Pathogen. Acute sexually 
transmitted proctitis is most commonly caused by 
N gonorrhoeae and, especially in men who have sex 
with men, C trachomatis. Treponema pallidum and 
herpes simplex virus are also causes. 

Epidemiology. These infections are most com¬ 
monly acquired by receptive anal intercourse. In 
some cases, they may be acquired by other means 
(eg, digital intercourse, sex toys). 

Pathogenesis and Clinical Findings. Most cases 
are asymptomatic or mildly and nonspecifically 
symptomatic (eg, rectal itching, mild discharge). 
Perhaps 10% of cases have anorectal pain, tenesmus, 
or grossly bloody discharge. Anoscopy reveals nor¬ 
mal mucosa or nonspecific proctitis. Herpetic proc¬ 
titis reveals ulcerative lesions or fissures. Syphilitic 
proctitis reveals chancres. 

Diagnostic Approaches. Anoscopy may reveal 
pus, and a Gram stain may reveal white blood cells. 
(The Gram stain may also reveal Gram-negative 
diplococci in gonococcal proctitis, but this is only 
30% sensitive.) Ulcerative lesions and fissures sug¬ 
gest herpes or syphilis. Other diagnostic tests 
should be obtained if available. 

Treatment. If pus, white blood cells, or Gram¬ 
negative diplococci are seen, the patient should be 
treated as for gonococcal urethritis, plus doxycy- 


EXHIBIT 38-10 

CRITERIA FOR THE DIAGNOSIS OF 
MUCOPURULENT CERVICITIS* 


Suggestive Diagnosis 

• 10-30 WBC per oil field on a Gram stained 
cervical smear 

PLUS 

• Sexual exposure to a person known to have 
MPC-causing organisms 

Presumptive diagnosis—any one of these 

• Presence of yellow mucopurulent endocervi¬ 
cal exudate* 

• Swab-induced endocervical bleeding 

• > 30 WBC per oil field on a Gram stained 
cervical smear 


WBC: white blood cell 

Whenever possible, women with MPC should be tested 
specifically for Neisseria gonorrhoeae and Chlamydia 
trachomatis and a treatment decision made on the ba¬ 
sis of those test results. If there is a high local preva¬ 
lence of gonorrhea or chlamydia and the woman may 
be difficult to locate for treatment, empiric treatment 
should be considered. For further details see Centers 
for Disease Control and Prevention. 1998 Guidelines 
for treatment of sexually transmitted diseases. MMWR. 
1998;47(RR-1):1-128. 

* Swab test consists of inserting a cotton swab into the 
cervix to obtain a specimen of endocervical mucopus. 
The swab is withdrawn from the vagina and held up 
to a dark background and examined with a bright light. 
The presence of yellow or yellow-green mucopus in¬ 
dicates a positive test. 

Source: Centers for Disease Control and Prevention. 

Sexually Transmitted Diseases Clinical Practice Guidelines. 

Atlanta: CDC; 1991. 


cline 100 mg orally twice a day for 7 days. Other or 
additional treatment should be guided by labora¬ 
tory results. 

Herpes 

Description of the Pathogen. Genital herpes is 
caused by infection with the herpes simplex virus, 
usually type 2. 

Epidemiology. HSV is transmitted by sexual con¬ 
tact. Because HSV can easily be inoculated on any 
mucous membrane or through any break in the skin, 
individuals with herpes labialis ("fever blisters," 
"cold sores") who engage in oral sex may infect 
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their partners. 

Asymptomatic shedding of HSV also occurs, al¬ 
though this appears to be a transient event, and rela¬ 
tively few virions are shed. About 1% of infected 
women shed asymptomatically at any time, and one 
study found that half of women diagnosed by cul¬ 
ture as asymptomatic shedders noticed genital le¬ 
sions after being informed of this. 325 Up to 75% of 
primary HSV genital infections may be subclinical. 
These and related studies have led to the conclu¬ 
sion that the commonest form of HSV transmission 
is asymptomatic. 

HSV is distributed worldwide. HSV2 antibody 
is found in 20% to 30% of US adults and in up to 
60% of those in lower socioeconomic groups or 
those with multiple sex partners. 144 

Pathogenesis and Clinical Findings. In first-episode 
symptomatic herpes, after an incubation period of 
7 to 14 days, the patient experiences sensations such 
as tingling, itching, pain, dysuria, or vaginal dis¬ 
charge, which may occur almost anywhere in the 
genital area. Up to 4 days later, the symptoms in¬ 
tensify, and then multiple small clear vesicles ap¬ 
pear, commonly described as "water blisters." These 
may occur on the perineum, vulva, vagina, cervix, 
or penis. The initial episode may be a systemic ill¬ 
ness, particularly in patients who have never been 
exposed to HSV, and the patient may complain of 
systemic viral illness symptoms, including herpetic 
pharyngitis. After 24 to 48 hours, the vesicles begin 
to turn cloudy and change into pustules. The pus¬ 
tules spontaneously rupture, leaving smooth, red 
ulcers that are 2 to 5 mm in diameter, shallow, flat, 
very painful, and nonindurated. The ulcers may 
coalesce, forming larger irregular ulcers. After a few 
days, the ulcers begin to dry and crust over. First- 
episode genital herpes may last as long as 2 to 4 
weeks, with new ulcers recurrently developing. 
New lesions are infectious for 7 to 12 days. First- 
episode herpes is commonly accompanied by bi¬ 
lateral tender inguinal adenopathy, sometimes 
sufficiently painful that the patient walks with a 
stooped over, bow-legged gait. A small proportion 
of individuals have painless ulcers. 

HSV remains viable in the dorsal ganglia for the 
rest of the individual's life. Periodically, particularly 
within the first several years after the initial infec¬ 
tion, HSV becomes active again and genital lesions 
recur. A large variety of factors are said to precipi¬ 
tate recurrences (eg, sexual intercourse, stress, fe¬ 
ver, menstruation, birth control pills, temperature 
change, sunlight), and these factors vary among 
individuals. Most occurrences, however, appear to 
have no identifiable precipitating factor. Recur¬ 


rences are characterized by being much milder and 
briefer than the initial episode, sometimes lasting 
less than 24 hours. In about half the cases, recur¬ 
rences are signaled by premonitory paresthesias in 
the genital area, leg, or foot, which begin hours to 2 
days before onset. Recurrent lesions are usually in¬ 
fectious for only a few days. 

Diagnostic Approaches. Genital herpes is usually 
diagnosed clinically, particularly when the charac¬ 
teristic vesicles are present. The ulcers are typically 
clean, shallow, nonindurated, and painful, but de¬ 
scriptions of genital ulcers are at best rules of 
thumb. Any genital ulcer should include in its dif¬ 
ferential diagnosis herpes, syphilis, chancroid, and 
(less likely) lymphogranuloma venereum. A history 
that the ulcer began as a vesicle or that it has re¬ 
curred supports a diagnosis of herpes. Herpes vi¬ 
ral culture is the gold standard for diagnosis, with 
80% to 90% sensitivity and 100% specificity, 261 but 
it is not readily available. Tzanck preps are made 
by staining a smear of fluid from the base of the 
vesicle or ulcer and looking for multinucleated gi¬ 
ant cells, the remnants of epithelial cells that have 
fused together. It is about 60% sensitive. Both cul¬ 
ture and Tzanck prep are more likely to be positive 
the earlier and more characteristic the lesions. HSV 
serology is generally not reliable. Only a primary 
episode of herpes can be serologically confirmed, by 
a 4-fold titer increase in acute and convalescent sera. 

Recommendations for Therapy and Control. The 
role of anti-HSV therapy is largely limited to symp¬ 
tomatic treatment of initial episodes (because these 
tend to be significantly symptomatic and pro¬ 
longed) and to control of frequent recurrences (gen¬ 
erally defined as more than six recurrences per 
year). Most recurrences are too mild and transient 
to benefit from treatment. Acyclovir reduces viral 
shedding and pain and speeds healing but does not 
eradicate HSV. There is no evidence acyclovir pro¬ 
vides effective prophylaxis against either acquiring 
or transmitting HSV (Exhibit 38-11). 

Herpes produces psychological reactions out of 
proportion to the minimal pathological changes. 
Patients may deny the diagnosis, become signifi¬ 
cantly depressed and angry for long periods, com¬ 
plain of decreased self image and self-worth (being 
"damaged goods"), and spend considerable time 
and effort searching for alternative treatments. The 
health care provider needs to be supportive and 
should consider referring the patient to a herpes 
support group. 

Patient education is important and needs to em¬ 
phasize that there should be no sex when lesions 
are present, that the types and efficacies of treat- 
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EXHIBIT 38-11 

TREATMENT OF GENITAL HERPES 

* 

First Clinical Episode of Genital Herpes 

Acyclovir 400 mg orally 3 times a day for 7-10 days 

OR 

Acyclovir 200 mg orally 5 times a day for 7-10 days 

OR 

Famciclovir 250 mg orally 3 times a day for 7-10 days 

OR 

Valacyclovir 1 g orally twice a day for 7-10 days 
Episodic Recurrent Infection* * 

Acyclovir 400 mg orally 3 times a day for 5 days 

OR 

Acyclovir 200 mg orally 5 times a day for 5 days 

OR 

Acyclovir 800 mg orally twice a day for 5 days 

OR 

Famciclovir 125 mg orally twice a day for 5 days 

OR 

Valacyclovir 500 mg orally twice a day for 5 days 


Daily Suppressive Therapy* 

Acyclovir 400 mg orally twice a day 

OR 

Famciclovir 250 mg orally twice a day 

OR 

Valacyclovir 500 mg orally once a day 

OR 

Valacyclovir 1 g orally once a day 

Pregnancy. The safety of systemic acyclovir or 
valacyclovir in pregnant women has not been estab¬ 
lished. A registry of women who have received 
acyclovir (or valacyclovir) in pregnancy has been es¬ 
tablished. Data thus far do not indicate an increased 
risk for major birth defects after acyclovir treatment. 
The first clinical episode of genital herpes during 
pregnancy may be treated with acyclovir. Life-threat¬ 
ening maternal infections (eg, disseminated infection, 
encephalitis, pneumonitis, hepatitis) should be 
treated with intravenous acyclovir. Routine admin¬ 
istration of acyclovir to pregnant women who have a 
history of recurrent genital herpes is not recom¬ 
mended at this time. Prenatal exposures to valacyclovir 
and famciclovir are too limited to provide useful in¬ 
formation on pregnancy outcomes. 


Treatment may be extended if healing is incomplete after 10 days of therapy. 

* Patients treated for recurrent herpes should be provided with either medication or a prescription to have on hand at the 
time of a recurrence. Treatment of recurrent herpes is most effective if started when a prodrome develops or within 1 day 
of the onset of symptoms. 

* Daily suppressive therapy with famciclovir or valacyclovir is not currently recommended for more than 1 year. Although 
patients have been on acyclovir suppressive therapy for as long as 6 years, annual reevaluation of the need for suppres¬ 
sive therapy should be conducted. Patients may adjust psychologically to the recurrences, and in many patients the 
frequency of recurrences decreases with time. 

Source: Centers for Disease Control and Prevention. 1998 guidelines for treatment of sexually transmitted diseases. MMWR. 

1998;47(RR-1). 


merit are limited, and that infected women are at 
particular risk of infecting their babies. Genital her¬ 
pes can infect a neonate during delivery with dev¬ 
astating consequences, so all pregnant women with 
genital herpes or who have had sex with someone 
who has genital herpes should be instructed to alert 
their obstetrician. 

Individuals with active genital lesions should 
refrain from sex during any prodromal symptoms 
and until the lesions are gone. Condoms offer less 
protection against acquiring HSV than other STDs 
because lesions may be in locations not covered by 


the condom, but their use should be encouraged 
with new and uninfected partners. Because asymp¬ 
tomatic HSV shedding occurs between ulcerative 
episodes, partners may become infected even in the 
absence of overt lesions. Asymptomatic shedding 
occurs more often with HSV2 infection and within 
the first 12 months after infection. 

Syphilis 

Description of the Pathogen. Syphilis is caused 
by the spirochete Treponema pallidum. 
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Epidemiology. Syphilis is transmitted by direct 
contact with infectious lesions or fluids, usually 
during sexual intercourse. It can be transmitted 
from mother to fetus transplacentally or at deliv¬ 
ery. It is found worldwide. 

Pathogenesis and Clinical Findings. Syphilis has 
an incubation period of 10 to 90 days, averaging 21 
days. Primary syphilis is a chancre, classically de¬ 
scribed as a clean, punched out, smooth, red, pain¬ 
less (unless secondarily infected) lesion, which is 
indurated sufficiently to feel like the cartilage in the 
tip of the nose. Atypical and multiple lesions are 
not uncommon. Chancres are typically found in the 
genital area and around the mouth and rectum but 
may appear anywhere on the body. The heal spon¬ 
taneously in 3 to 6 weeks. Chancres are associated 
with unilateral or bilateral regional adenopathy, 
which is firm, discrete, moveable, and painless. The 
presence of any genital ulceration must put syphi¬ 
lis in the differential diagnosis. 

Secondary syphilis is a cutaneous, systemic 
disease, most notable for a characteristic maculo- 
papular rash. It occurs within 6 months of expo¬ 
sure, usually within 6 weeks, and often overlaps the 
resolving chancre in occurrence. The rash, which 
occurs in about one third of cases, is painless, 
nonpruritic, and often generalized. It may involve 
the mucous membranes (called a mucous patch), 
tends to follow cleavage lines, especially on the 
trunk, and has a predilection for the palms and 
soles. The lesions are discrete, sharply demarcated, 
and scaly; they are also darkfield positive, although 
it may require scraping the lesion to exposure se¬ 
rous material to demonstrate this. The eruption may 
last a few weeks or as long as a year. Up to 25% of 
untreated cas es may have a relapse of the rash, and 
5% may have one to three additional relapses. 
Alopecia of the eyebrows and scalp occurs. 

Secondary syphilis is an often protean disease, 
which may begin with a flu-like syndrome (eg, 
malaise, myalgia, headache, sore throat), with mild 
anemia, elevated white blood cell count and el¬ 
evated sedimentation rate. There is a generalized 
adenopathy, with hard, rubbery, painless nodes. 
Splenomegaly is common, and hepatomegaly is 
sometimes seen. Latent syphilis is a serologic diag¬ 
nosis and is divided into early latent (infected less 
than 1 year) and late latent. 

Central nervous system disease can occur with 
any stage of syphilis. It may manifest itself as oph¬ 
thalmologic symptoms (eg, uveitis, neuroretinitis, 
optic neuritis), auditory abnormalities, cranial 
nerve palsies, or meningeal signs and symptoms. 
Such patients should have a cerebral spinal fluid 


examination (white blood cell, protein, CSF-VDRL 
(Venereal Disease Research Laboratory) and be 
treated for neurosyphilis (Exhibit 38-12). The CSF 
examination should be repeated every 6 months. If 
the pleocytosis has not decreased after 6 months or 
the spinal fluid is not normal after 2 years, 
retreatment should be considered. 

Diagnostic Approaches. Primary and secondary 
syphilis may be diagnosed by darkfield microscopy, 
using serous exudate from the chancre or condy¬ 
loma lata lesions. Although sensitive and highly 
specific for diagnosing early syphilis, this technique 
is usually only available in large medical centers or 
dermatology clinics. Darkfield microscopy may be 
falsely negative if topical antibiotics have been ap¬ 
plied to the lesion. 

The majority of HIV-infected syphilitics can be 
diagnosed in the same manner as non-HIV infected 
cases. Syphilis in HIV-infected individuals may, 
however, take a florid and greatly accelerated 
course, further complicated by falsely negative se¬ 
rologic tests. Diagnosis in these cases may depend 
on Warthin-Starry staining of biopsied lesions. 

Serodiagnosis of syphilis is based on two types 
of tests: the nontreponemal tests (ie, VDRL rapid 
plasma reagin [RPR]; RPR circle), which are used 
for screening and quantitative follow-up, and the 
tests for treponemal antibody. When the chancre 
first appears, 30% to 50% of cases are nonreactive. 
Patients should be retested in 1 week and at 1 and 3 
months. It is important to realize that only about 
60% to 90% of primary syphilis cases may be VDRL 
positive, with the percentage reaching 100% only 
when the disease has reached its secondary phase. 
VDRL seropositivity wanes in later stages, even 
without treatment. 

The nontreponemal tests may be falsely negative 
due to the "prozone phenomenon," in which very 
high antibody titers overwhelm the test system. 
Patients highly suspected of having syphilis, par¬ 
ticularly secondary syphilis, who have negative 
tests should have the test repeated with instructions 
to the laboratory to dilute the serum. Nontreponemal 
tests may also be falsely positive. The tests cross 
react with the organisms of yaws, endemic syphilis 
(bejel), and pinta. There is no way to distinguish 
among these entities serologically, so clinical judg¬ 
ment must be used. Biological false positives also 
occur and are divided into acute and chronic reac¬ 
tions. Acute biological false-positive reactions may 
be due to a variety of viral agents (eg, hepatitis, 
mononucleosis, viral pneumonia, chickenpox, 
measles), malaria, some immunizations, and, nota¬ 
bly, pregnancy. Chronic false positives are due to 
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EXHIBIT 38-12 
TREATMENT OF SYPHILIS 


Primary and Secondary Syphilis and Early Latent Syphilis 

Benzathine penicillin G 2.4 million units IM in a single dose 

Late Latent Syphilis and Latent Syphilis of Unknown Duration 

Benzathine penicillin G 7.2 million units total dose, administer as 3 doses of 2.4 million units intramuscu¬ 
larly at 1-week intervals 

Neurosyphilis* 

Aqueous crystalline penicillin G 18-24 million units a day, administered as 3-4 million units intrave¬ 
nously every 4 hours for 10-14 days 

OR 

Procaine penicillin 2.4 million units intramuscularly a day plus Probenecid 500 mg orally 4 times a day, 
both for 10 to 14 days 

Penicillin Allergy. Penicillin-allergic patients with primary, secondary, or early latent syphilis should be treated with 
doxycyline 100 mg orally twice a day for 2 weeks or tetracycline 500 mg orally 4 times a day for 2 weeks. Patients with 
late latent or latent syphilis of unknown duration should be treated with doxycycline or tetracycline for 4 weeks. With 
any of these regimens, close follow-up is essential to ensure patient compliance. Patients with neurosyphilis who are 
allergic to penicillin should be desensitized to penicillin and treated with one of the penicillin regimens or treated in 
consultation with an expert. 

Pregnancy. Doxycycline and tetracycline are contraindicated in pregnancy. Pregnant women who are allergic to peni¬ 
cillin should be desensitized and treated with penicillin. 

Management of Sex Partners. Persons who were exposed within the 90 days preceding the diagnosis of primary, 
secondary, or early latent syphilis may be infected even if they are seronegative. Such patients should be treated for 
presumptive primary syphilis. Persons who were exposed more than 90 days before the diagnosis should be treated 
presumptively for primary syphilis if serologic tests are not available immediately and the opportunity for follow-up is 
uncertain. For purposes of partner notification and presumptive treatment of exposed persons, patients who have 
latent syphilis of unknown duration with high nontreponemal titers (> 1:32) should be considered as having early 
syphilis. Long-term sex partners of patients who have late syphilis should be evaluated clinically and serologically for 
syphilis and treated on the basis of the evaluation findings. The time periods before treatment used for identifying at- 
risk sex partners are: (a) 3 months plus duration of symptoms for primary syphilis, (b) 6 months plus duration of 
symptoms for secondary syphilis, and (c) 1 year for early latent syphilis. 

Follow-Up. Patients should be examined clinically and serologically at 6 and 12 months after treatment; more frequent 
follow-up may be prudent if long-term follow-up is uncertain. Patients who have signs or symptoms that persist or 
recur or who have a sustained 4-fold increase in a nontreponemal test titer probably failed treatment or were reinfected. 
These patients should be retreated after reevaluation for HIV infection. Unless reinfection is certain, a lumbar punc¬ 
ture should also be performed. Most experts recommend retreatment with 3 weekly injections of benzathine penicillin 
G 2.4 million units, unless the lumbar puncture demonstrates neurosyphilis is present. Management of patients with a 
coexisting HIV infection or in whom the nontreponemal titer fails to decline is beyond the scope of this chapter. Pa¬ 
tients with latent syphilis should be evaluated with a quantitative nontreponemal serologic test at 6, 12, and 24 months. 

Other Considerations. All patients with latent syphilis should be evaluated clinically for evidence of tertiary disease 
(eg, aortitis, neurosyphilis, gumma, iritis). Patients with syphilis and any of the following findings should have a 
prompt cerebrospinal fluid examination: (a) neurologic or ophthalmic signs or symptoms, ( b ) evidence of active ter¬ 
tiary syphilis, (c) treatment failure (titer increases 4-fold; an initially high titer [> 1:32] fails to decline at least 4-fold; 
signs or symptoms attributable to syphilis develop in the patient), or (d) HIV infection with latent syphilis or syphilis 
of unknown duration. 

The procaine penicillin regimen should only be used if compliance can be assured. Some experts also give 2.4 million units 
IM of benzathine penicillin at the end of either of the neurosyphilis regimens. 

Source: Centers for Disease Control and Prevention. 1998 guidelines for treatment of sexually transmitted diseases. MMWR. 
1998;47(RR-1). 


1170 





Diseases Spread by Close Personal Contact 


connective tissue diseases (a false-positive VDRL 
may be the earliest sign of systemic lupus erythe¬ 
matosus), immunoglobulin abnormalities, narcotic 
addiction, advanced age, malignancy, and leprosy. 
Biological false-positive titers are usually low. A 
positive test cannot be assumed to be a false posi¬ 
tive simply because a patient has a condition that 
may cause a false-positive result. This is particu¬ 
larly true for pregnant women, because syphilis 
may have devastating consequences to the fetus. 
The serologic diagnosis should be promptly con¬ 
firmed or ruled out with a confirmatory test. In 
cases where a confirmatory test is not readily avail¬ 
able or the patient is unreliable, it may be neces¬ 
sary to treat the patient as if he or she has syphilis, 
in order to prevent possible disease progression and 
transmission to future sex partners. 

The treponemal tests measure antibodies to tre¬ 
ponema, using Treponema pallidum as an antigen. 
They are far more specific than the screening tests 
(although not sufficiently specific to distinguish 
syphilis from other treponemal infections such as 
yaws) but are also technically more difficult to per¬ 
form and more costly. For these reasons, the tre¬ 
ponemal tests are used to confirm positive results 
from the screening tests. The two tests used are the 
fluorescent treponemal antibody absorbed (FTA- 
ABS) and the microhemagglutination treponemal 
pallidum (MHA-TP) tests, which yield comparable 
results. The FTA-ABS is somewhat more sensitive 
than the VDRL and may be positive a few days ear¬ 
lier. In general, treponemal tests remain positive for 
life. If treatment is begun sufficiently early, how¬ 
ever, the treponemal test will become nonreactive 
within 2 years in about 10% of cases. 

Military field units customarily use only the 
rapid plasma reagin (RPR) test, often only the quali¬ 
tative RPR. This can create diagnostic problems 
because confirmatory testing may not be readily 
available. This forces the health care provider to use 
clinical judgment in deciding whether to treat a 
possible case of syphilis, with accompanying im¬ 
plications for the accuracy of epidemiologic report¬ 
ing of syphilis cases. 

Recommendations for Therapy and Control. 
Penicillin treatment renders patients noninfectious 
within 24 to 48 hours. In the absence of treatment, 
the duration of infectiousness is variable and diffi¬ 
cult to predict. Patients are infectious for at least a 
year after their initial infection and possibly for as 
long as 4 years. After that time, syphilis is only 
transmitted congenitally or by blood transfusion or 
blood contact. Because the VDRL test provides 
quantitative titers, it can be used to follow the re¬ 


sults of treatment. Titers should be obtained at 3- 
month intervals for a year. During adequate treat¬ 
ment of primary and secondary syphilis, titers 
should fall 4-fold by 4 months and 8-fold by 8 
months (see Exhibit 38-12). 

Human Immunodeficiency Virus Infection and 
Acquired Immunodeficiency Syndrome 

HIV has military implications that make it unique 
among STDs. US forces deploy to areas, such as 
Africa and Thailand, where HIV is highly prevalent, 
particularly among commercial sex workers. It is 
the only STD for which the US military mandates 
and routinely carries out screening, followed by an 
extensive program of support and medical treat¬ 
ment of those found to be infected. HIV-seropositive 
individuals are restricted from overseas service. 

Description of the Pathogen. The human immu¬ 
nodeficiency virus, a retrovirus, has two types: type 
1 and type 2. HIV 1 is found worldwide. HIV 2 is 
largely confined to western Africa. 

Epidemiology. HIV infection is transmitted by 
sexual exposure or exposure to infected blood and 
is found worldwide. The combination of STDs and 
HIV infection has created what Wasserheit aptly 
termed "epidemiologic synergy," 326 in which the 
interaction of these diseases promotes and enhances 
the spread of all of them. Diseases that cause geni¬ 
tal ulcers increase the likelihood of acquiring HIV 
by providing entry portals. 327-329 Nonulcerative dis¬ 
eases produce inflammatory changes that may also 
offer opportunities for HIV acquisition. 328-331 Trans¬ 
mission of HIV in the opposite direction may also 
be enhanced because ulcers and inflammation may 
provide greater opportunities for virus shedding. 

Studies of US Army personnel who seroconverted 
for HIV found these risk factors: increasing num¬ 
bers of female sex partners, nonsteady partners, 
having sex on the first day of acquaintance, sex with 
prostitutes, and sex with partners who had multiple 
partners. 260,332 The risk perhaps was epitomized by 
the finding that those who had sex on first encoun¬ 
ter with 3 or more partners had an odds ratio of 6.9 
for HIV infection. 

HIV infection rates are an exception among STDs 
in the US military in that mandatory testing, com¬ 
bined with a reliable laboratory test, has produced 
accurate incidence and prevalence information. 
Testing of applicants for military service between 
1985 and 1989 revealed a seropositivity rate of 0.34 
per 1,000 but with a marked geographic varia¬ 
tion. 289,333 Rates were greater than 2 per 1,000 in ur¬ 
ban areas of Maryland, New York, Texas, and the 


1171 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


District of Columbia. Initial testing of 1,752,191 ac¬ 
tive duty personnel who remained on active duty as 
of April 1988 revealed an overall HIV seroprevalence 
of 1.3 per 1,000. Blacks were 3.6 times and Hispan- 
ics 2.5 times as likely as non-Hispanic whites to be 
seropositive for HIV-1. 334 Prevalence was highest 
among those who were male, unmarried, and of 
enlisted rank. Incidence rates (per 1,000 person- 
years) have been less than 1. The Air Force incidence 
rate declined from 0.19 to 0.17 between 1987 and 
1990. 254 Army rates fell from 0.77 (1985-1987) to sta¬ 
bilize at about 0.22 after 1988. 255,335 Navy and Ma¬ 
rine Corps incidence rates for 1986 to 1988 were 0.69 
and 0.28 respectively. 256 The Navy incidence fell 
from 0.55 in 1990 to 0.26 in 1995, while the Marine 
Corps rate fell from 0.28 to 0.11 during the same 
period. 336 Navy HIV infections were not associated 
with visits to foreign ports. 337 Rates among Army 
reserve personnel were comparable to those in ac¬ 
tive duty personnel. 338 The frequency of HIV test¬ 
ing for military personnel ranges from 1 to 3 years 
or more, depending on the individual service policy, 
the deployability of the unit, whether the unit is 
reserve or active duty, and other considerations 
such as the incidence rate. In general, rapidly 
deployable units are tested more frequently. 

Pathogenesis and Clinical Findings. A discussion 
of AIDS and related management issues is beyond 
the scope of this book. The initial HIV infection may 
be asymptomatic, but an unknown proportion of 
individuals have an infectious mononucleosis-like 
illness a few weeks after the infection. This illness, 
particularly characterized by adenopathy, resolves 
quickly and is followed by seroconversion. Indi¬ 
viduals seroconvert 6 to 12 weeks after infection, 
although some may require as long as 6 months. In- 
fectivity begins about 2 weeks before seroconversion, 
creating a seronegative window of infectiousness. 
Individuals are infectious for life, although infec- 
tivity seems to be increased in the first few months 
of infection and in the terminal stages, when the 
viral burden is the greatest. Progression to deterio¬ 
rating immune function, opportunistic infections, 
and frank AIDS requires 10 years on average but 
may occur as rapidly as in 1 year. 

Diagnostic Approaches. Simple enzyme immu¬ 
noassays (EIAs), suitable for field use, are available 
for diagnosing HIV. They have a relatively high rate 
of false-positive results and therefore require con¬ 
firmation with the Western blot or another confir¬ 
matory test, which are not available in the field. 
Using EIAs in the field has limited practical use in 
the absence of a confirmatory test result. Unlike a 
positive RPR, which may indicate an infection that 


can be easily treated, there is no treatment for a 
putatively HIV-infected individual except counsel¬ 
ing to avoid sexual exposure and to counteract the 
considerable trauma of being told he or she might 
have HIV infection. 

Recommendations for Therapy and Control. HIV 
serotesting of applicants for military service began 
in fall 1985, with testing of active duty personnel 
commencing in January 1986. An organized pro¬ 
gram was implemented to obtain surveillance data 
on HIV infection among military personnel and in 
areas where they might deploy, to conduct behav¬ 
ioral research that might lead to reducing risky 
sexual behavior, and to develop HIV field tests, 
vaccines, and antiretroviral drugs. 339-341 

Notification of a service member that he or she 
is HIV positive takes place in various ways and lo¬ 
cations, but certain common themes emerge. The 
matter is treated as confidential, with only the se¬ 
nior medical representative, the commanding of¬ 
ficer, and a few other individuals being informed 
of the member's status (eg, the chaplain, the 
command's senior enlisted person). The reaction 
varies. A few members are not surprised, and some 
of these already know they are HIV positive from 
testing done outside the service. A few break down 
emotionally and begin crying. The majority act 
stunned, sometimes dramatically so. Denial is not 
unusual. A medical representative explains the im¬ 
plications of the HIV test results to the member and 
provides information as to what will happen next. 
It may be necessary to repeat this information at a 
later time, because the service member may not 
comprehend what is being said the first time. An 
individual may have many questions about the 
meaning of a positive HIV test and about AIDS. The 
basic information can be kept simple (Exhibit 38-13). 

All services evaluate newly identified HIV-serop¬ 
ositive individuals at central locations. It is desir¬ 
able to remove the servicemember as quickly as 
possible (eg, within 2 to 3 days) in case confidenti¬ 
ality is violated and to provide a supportive envi¬ 
ronment as quickly as possible. Suicide may be a 
concern. Seropositive individuals should be evalu¬ 
ated to determine whether suicide precautions are 
necessary, which may include escorting the indi¬ 
vidual to the evaluation center. Such precautions 
are rarely necessary, however, and are understand¬ 
ably resented by individuals who do not want the 
suicidal stigma added to the burden of being newly 
diagnosed as HIV-infected. 

It is not necessary for field or shipboard medial 
units to query the HIV-infected individual as to how 
he or she may have been infected or by whom. This 


1172 


Diseases Spread by Close Personal Contact 


EXHIBIT 38-13 

WHAT TO TELL THE PATIENT ABOUT A 
POSITIVE HUMAN IMMUNODEFICIENCY 
VIRUS TEST 


1. A positive test means you are infected with HIV, 
the virus that causes AIDS. You will be infected 
with this virus for the rest of your life. 

2. You do not necessarily have AIDS now. If you 
had a negative test in the last few years, you 
probably will not develop AIDS for several 
years. 

3. Current anti-HIV drugs are usually able to con¬ 
trol the virus and delay the onset of AIDS for 
many years. They may be able to prevent you 
from ever getting AIDS. 

4. Because you will have HIV in your body for 
the rest of your life, you can infect other people 
with this virus for the rest of your life. You can 
infect them by having sex with them, sharing 
needles with them when using drugs, donat¬ 
ing blood, or breastfeeding your baby. What 
you can do about this will be explained in de¬ 
tail later. For now, you must not have sex with 
anyone or donate blood. 

5. The test cannot tell us how you became infected. 

6. The test cannot tell us when you became infected, 
except that it probably happened sometime be¬ 
tween your last negative test and this test. 


epidemiologic information will be obtained when 
the individual is evaluated to determine the extent 
and nature of his or her infection. The evaluation 
program will also assist the service member in no¬ 
tifying his or her sexual contacts. The evaluation 
programs vary but generally last 1 to 2 weeks and 
thoroughly evaluate the service member's health, 
determine the stage of HIV disease, and, if appro¬ 
priate, begin anti-HIV medications. Psychological, 
sociological, and spiritual support is also provided 
for the individual and family. Detailed education 
and counseling is provided so the individual thor¬ 
oughly understands HIV infection and AIDS, the 
probable course of the illness, and options regard¬ 
ing his or her career and other matters. 

Genital Warts 

Description of the Pathogen. Human papilloma 
virus (HPV) is the etiologic agent of genital warts 
(condyloma accuminata). There are over 30 strains 


of HPV, some of which are highly associated with 
cervical and other cancers. 

Epidemiology. Genital warts, found worldwide, 
are transmitted by sexual contact. They are infec¬ 
tious, probably because trauma associated with sex 
releases virions, which are then rubbed into epithe¬ 
lial surfaces. By eliminating overt lesions, treatment 
probably reduces HPV infectiousness. However, 
because HPV virions are commonly present in nor¬ 
mal skin, HPV-infected persons may infect others 
even in the absence of overt warts. Condoms may 
reduce the transmission of HPV but will not entirely 
prevent it. Because of the association with cervical 
cancer, women who have had genital warts or 
whose partners have had genital warts should have 
regular Pap smears. 

Diagnostic Approaches. Diagnosis is by clinical 
appearance, but only a minority of infections 
present as overt lesions. Small lesions may require 
magnification to be seen. 

Recommendations for Therapy and Control. 
Treatment removes visible, symptomatic warts but 
does not eradicate HPV or affect the development 
of cervical cancer. Removal may not decrease in- 
fectivity. Untreated, visible genital warts may re¬ 
solve, remain unchanged, or increase in size and 
number. The numerous treatment regimens for 
genital warts may be divided into patient-applied 
(eg, podofilox 0.5% solution or gel, imiquimod 5% 
cream) or provider-administered (eg, cryotherapy, 
podophyllin resin 10%-25%, trichloracetic or 
bichloroacetic acid 80%-90%, surgical removal) 
treatments. The 1998 CDC treatment guidelines 266 
should be consulted for the detailed instructions 
necessary to administer these treatments. The safety 
of podofilox, imiquimod, and podophyllin during 
pregnancy has not been established. 

Lymphogranuloma Venereum 

Description of the Pathogen. Lymphogranuloma 
venereum (LGV) is caused by the LI, L2, and L3 
serotypes of C trachomatis. 

Epidemiology. LGV is transmitted through direct 
contact with open lesions, usually during sexual 
intercourse. It is found worldwide and is endemic 
in Asia and Africa. It is more commonly diagnosed 
in men but that may be due to the large number of 
asymptomatic infections in women. In temperate 
climates, most cases are found in male homosexuals. 144 

Pathogenesis and Clinical Findings. The incuba¬ 
tion period can be long and is divided into two 
phases. The initial period is 7 to 12 days and pro¬ 
duces a transient papule, vesicle, or ulcer. This is 
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painless and in 60% to 90% of the cases is never 
noticed. The characteristic inguinal adenitis appears 
from 5 to 50 days later and in two thirds of the cases 
is unilateral. It is firm, hard, tender, and fixed to 
the skin. The "groove sign" or "shelf sign," a linear 
depression in the adenopathy due to Poupart's liga¬ 
ment running between the nodes, is a helpful diag¬ 
nostic sign. Systemic manifestations include chills, 
fever, malaise, nausea, weight loss, headache, and 
arthralgias. If untreated, the adenitis enlarges, be¬ 
comes fluctuant, and forms multiple tracts though 
the skin, which may drain for months. Adenitis is 
seen more commonly in men than in women, by a 
ratio of approximately five to one. Women usually 
have a cervical infection, which may persist for 
months. Persistent urethritis, proctocolitis, and 
chronic ulcerations may also occur. 

Diagnostic Approaches. The diagnosis of LGV is 
usually clinical; the presence of purple erythema¬ 
tous skin discoloration over the adenopathy and the 
development of fluctuance are helpful diagnostic 
signs. Serological tests for LGV are not reliable and 
generally should not be used. The complement fixa¬ 
tion can be considered positive if there is a 4-fold 
rise in titer or a single titer of 1:64 or greater. Aden¬ 
opathy and adenitis are seen in both chancroid and 
LGV, but chancroid is distinguished by the coexist¬ 
ence of an ulcer. In LGV, the ulcer occurs before the 
adenopathy. 

Recommendations for Therapy and Control. Un¬ 
treated patients may remain infectious for months; 
all active lesions should be considered infectious 
(Exhibit 38-14). 

Chancroid 

Description of the Pathogen. Chancroid ("soft 
chancre," to distinguish it from the indurated chan¬ 
cre of syphilis) is a genital ulcerative disease caused 
by Haemophilus ducreyi, a short, fine. Gram-nega¬ 
tive streptobacillus. It attacks only the skin, not the 
mucous membranes. 

Epidemiology. Chancroid is spread by contact 
with discharges from open lesions, usually during 
sexual contact. It is most prevalent in tropical and 
subtropical areas. It is less common in temperate 
zones. In tropical and subtropical areas, the inci¬ 
dence of chancroid may be higher than syphilis and 
approach the incidence of gonorrhea. 144 Women are 
often asymptomatic carriers, and men are much 
more likely to be symptomatic. Chancroid often 
occurs in local epidemics. 

Pathogenesis and Clinical Findings. Chancroid 
is notable for a remarkably short incubation period. 


12 hours to 3 days; 5 days is the maximum. It be¬ 
gins as a small macule, which quickly progresses 
to a pustule and then to an ulcer. The ulcer is pain¬ 
ful, tender, soft, and rapidly growing. It is irregu¬ 
lar, ragged, and dirty and has undermined edges 
and a yellow-gray membrane. When skin surfaces 
are opposed (eg, under the foreskin), a "kissing ul¬ 
cer" develops, but this is not unique to chancroid. 
Over 50% of patients develop inguinal adenopathy 
within a week. It is usually unilateral, fixed, mat¬ 
ted, and tender. Untreated, the inguinal nodes of¬ 
ten evolve into a bubo, which suppurates through 
the skin. Constitutional symptoms are mild or ab¬ 
sent. Patients are infectious for as long as the origi¬ 
nal ulcer is present or lymph node sinus tracts are 
draining, which may be months. 

Diagnostic Approaches. The diagnosis is usually 
clinical, and, as with all genital ulcers, syphilis and 
HSV infection must be included in the differential 
diagnosis. A Gram stain of a swab from the lesion 
may reveal the "school of fish" appearance (curved, 
parallel lines of bacteria adhering to mucous strands) 
said to be characteristic of chancroid. Usually, 
however, the smear simply reveals a wide variety 


EXHIBIT 38-14 

TREATMENT OF LYMPHOGRANULOMA 
VENEREUM 


Recommended 

Doxycycline 100 mg orally twice a day for 21 days 

Alternate Regimen 

Erythromycin base 500 mg orally 4 times a day 
for 21 days 

Pregnancy. Pregnant women should be treated 
with erythromycin. 

Follow-Up. Patients should be followed clinically 
until signs and symptoms have resolved. 

Management of Sex Partners. Sex partners of 
patients who have LGV should be examined, 
tested for urethral or cervical chlamydia infection, 
and treated for LGV if they had sexual contact with 
the patient during the 30 days preceding the on¬ 
set of symptoms in the patient. 


Source: Centers for Disease Control and Prevention. 
1998 guidelines for treatment of sexually transmitted 
diseases. MMWR. 1998;47(RR-1). 
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EXHIBIT 38-15 

TREATMENT OF CHANCROID 


Azithromycin 1 g orally in a single dose 

OR 

Ceftriaxone 250 mg intramuscularly in a single dose 

OR 

Ciprofloxacin 500 mg orally twice a day for 3 days 

OR 

Erythromycin base 500 mg orally 4 times a day for 7 days 

Pregnancy. Ciprofloxacin is contraindicated for pregnant and lactating women and for persons less than 18 
years old. Preliminary data indicate azythromycin may be safe in pregnancy, but data are insufficient to rec¬ 
ommend its use in pregnancy. 

Follow-up. Patients should be reexamined 3 to 7 days after initiation of therapy. If treatment is successful, 
ulcers improve symptomatically within 3 days and objectively within 7 days after therapy. Large ulcers may 
require more than 2 weeks to heal; in uncircumcised men ulcers under the foreskin are slower to heal. Clinical 
resolution of fluctuant lymphadenopathy is slower than that of ulcers and may require drainage even if the 
ulcers are resolving. Needle aspiration of buboes is a simpler procedure, but incision and drainage may be 
preferred over multiple needle aspirations. 

If no clinical improvement is evident within 3 to 7 days, the clinician should consider: (a) Was the diagnosis of 
chancroid correct? ( b) Is the patient coinfected with another sexually transmitted disease? (c) Is the patient 
coinfected with HIV? and ( d ) Is the ulcer due to a strain of Haemophilus ducreyi that is resistant to the antibiotic 
used for treatment? 

Sex Partners. Sex partners who have had intercourse with the patient during the 10 days preceding the onset 
of the patient's symptoms should be treated with a regimen active against chancroid even if the partner has no 
symptoms. 


Source: Centers for Disease Control and Prevention. 1998 guidelines for treatment of sexually transmitted diseases. MMWR. 
1998;47(RR-1). 


of organisms in no particular pattern and is consid¬ 
ered nondiagnostic. The organism can be cultured, 
but this requires a well-equipped microbiology 
laboratory and a highly experienced microbiologist. 
Consultation with the microbiologist before collect- 

VIRAL 1 

Introduction and Military Relevance 

Jaundice has been identified since antiquity as a 
problem of armies in the field and in garrison. An 
epidemic in 1629 in military forces in Spa, Germany, 
during the Thirty Years' War underscores the 
longstanding threat of viral hepatitis to military 
operations. More than 72,000 cases occurred dur¬ 
ing the American Civil War. 342 From January 1943 
through March 1945, there were more than 35,000 


ing the specimen is advisable. 

Recommendations for Therapy and Control. 
Treatment renders the patient noninfectious in 1 to 2 
weeks (Exhibit 38-15). 

[S. William Berg, MD, MPH] 


cases of infectious hepatitis among US personnel 
in the Mediterranean Theater of Operations, a loss 
equivalent to over 2 infantry divisions. 343 During the 
wars in Korea and Vietnam, viral hepatitis remained 
a significant problem for military physicians. 344 

During World War II, two types of hepatitis were 
clearly recognized: (1) infectious, characterized by 
a short incubation period and a benign outcome, 
and (2) serum, characterized by a longer incubation 
period with longer morbidity and occasional 
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chronic disease. These were subsequently renamed 
hepatitis A and hepatitis B. Ironically, recognition 
of hepatitis B was linked to reuse of unsterilized 
needles in arsenical therapy of syphilis 345 and the 
use during World War II of yellow fever vaccine that 
was stabilized with infectious human serum. 346-349 
Figure 38-7 shows the incidence of jaundice cases 
during and immediately after World War II in the 
US Army. 

Control of hepatitis A has been a major concern 
for US military forces in war and peace. Advances 
in sanitation, along with the discovery that immune 
globulin (IG) provided protection against hepatitis 
A 350 ' 354 have, however, reduced the military threat 
of this disease in recent US military operations. The 
efficacy of IG was first demonstrated in an outbreak 
of epidemic hepatitis, which we now assume was 
hepatitis A, in a summer camp in 1944 350 and was 
confirmed in studies among US soldiers in World 
War II and more recently. 352-354 A large, controlled 
trial by the US Army during the Vietnam War de¬ 
termined that 5 mL of IG was as effective as 10 mL 
in preventing viral hepatitis. 355 

IG, though effective, is cumbersome to use. The 
prevalence of hepatitis A antibody has been decreas¬ 
ing in the general US population and hence also in 
the military population, putting these people at risk 
for hepatitis A both during and between deploy¬ 
ments. The US Army has been very active in the 
development of a vaccine for hepatitis A. The first 



1942 1943 1944 1945 1946 1947 1948 


Fig. 38-7. The large number of cases of hepatitis in 1942 
in the continental United Stated appears to be related to 
hepatitis B spread by specific lots of yellow fever vac¬ 
cine containing infectious human sera, while the later rise 
in cases overseas primarily reflects hepatitis A contracted 
by US Army personnel in the European Theater of Op¬ 
erations. 

Source: Havens WP Jr. The military importance of viral 
hepatitis. U.S. Armed Forces Med J. 1952;3:1013-1022. 


successful cell-culture-derived, formalin-inacti¬ 
vated hepatitis A vaccine was developed at the 
Walter Reed Army Institute of Research. 356 This pro¬ 
totype was shown to be safe and immunogenic for 
humans in 1986. 

Advances in trauma surgery, including increased 
use of blood transfusions, have led to an increasing 
awareness of the importance of hepatitis B and C to 
military medical personnel. The threat of transfusion- 
related hepatitis B and C for military personnel has 
been significantly reduced by the application of 
advances in basic virology, diagnostic testing, im¬ 
munization, and screening of blood donors. 357 As 
in other segments of US society, the threat of sexu¬ 
ally transmitted hepatitis will remain a problem for 
the foreseeable future. 348,358,359 

Description of the Pathogens 

Table 38-6 outlines some of the characteristics of 
the hepatidities. Hepatitis A virus (HAV) is a mem¬ 
ber of the family Picornaviridae and is related to the 
enteroviruses and the rhinoviruses. 360 It is a 
nonenveloped, spherical virus 26 to 28 nm in di¬ 
ameter with single-stranded RNA of positive po¬ 
larity. Unlike other picornaviruses, it is relatively 
resistant to heat, which accounts for its ease of trans¬ 
mission in partially cooked food. 361 

Hepatitis B virus (HBV) is an enveloped, double- 
stranded DNA virus of the Hepadnaviridae family; 
related viruses cause hepatitis in woodchucks and 
ducks. 362 The outer coat, hepatitis B surface antigen 
(HBsAg), is associated with intact virions (Dane 
particles) and other particles. The excess of antigen 
typically present in the blood during chronic infec¬ 
tion is useful in diagnostic testing. It also supplies 
material for plasma-derived vaccines, which are no 
longer used in the US but are still used in other ar¬ 
eas of the world. 

Hepatitis C virus (HCV) is related to the 
flaviviruses, which cause dengue, yellow fever, 
Japanese encephalitis, but it is closer to the 
pestiviruses (flaviviruses of animals). 363 It is a 
spherical, lipid-enveloped particle ranging in size 
from 35 to 50 nm. The genome consists of a single- 
stranded RNA of positive polarity, 9.4 kilobases in size. 

Hepatitis D virus (HDV) consists of a circular, 
single-stranded RNA molecule associated with 
delta antigen; this is surrounded by HBsAg. In the 
absence of hepatitis B infection, HDV cannot repli¬ 
cate. For this reason, HDV is considered a defec¬ 
tive virus. 364 

Hepatitis E virus (HEV) is a small, round, 
nonenveloped virus, with properties similar to 
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TABLE 38-6 

CHARACTERISTICS OF HEPATITIS VIRUSES 


Vims Type Distribution Transmission Special Characteristics 


A 

B 

C 

D 


E 

F 

G 


Picornavirus 

RNA 

Global 

Enteric 

Relatively heat resistant, vaccine preventable 

Hepadnavirus 

DNA 

Global; highly endemic 
in Asia, Africa, Latin 
America 

Parenteral, 
sexual, vertical 

Chronic infection, carcinogenic, vaccine 
preventable 

Flavivirus 

RNA 

Global 

Parenteral, 
sexual, vertical 

Chronic infection, cirrhosis, carcinogenic 


RNA 

Global; prevalence 
varies widely (highest 
reported prevalence: 
southern Italy, Africa, 
South America) 

Parenteral 

Defective virus (requires active HBV 
infection to replicate), unique delta antigen, 
vaccine preventable (HBV) 

Calicivirus 

RNA 

Asia, Africa, Mexico 

Enteric 

Often via contaminated water, women in 3rd 
trimester of pregnancy especially susceptible 
to fulminant hepatitis 

? 

? 

? 

Enteric?, 

parenteral 

Some cases may represent "silent" HBV 
infection by mutant HBV 

Flavivirus 

RNA 

Global? 

Parenteral 

Post-transfusion hepatitis 


those of the family Caliciviridae. Its genome is a 
single-stranded, positive-sense RNA of approxi¬ 
mately 7.5 kilobases. 365 It infects swine, and this may 
play a role in the ecology of the virus. 366,367 

A candidate hepatitis F virus has been isolated 
from human stool and appears to be transmissible 
to primates. 368 Uchida and colleagues 369 believe that 
some cases of hepatitis F are caused by mutant 
hepatitis B variants with suppressed replication and 
HBV DNA expression. 

Hepatitis G virus (HGV) is a small RNA virus, 
related to other flaviviruses and distantly to HCV. 
It is transfusion-transmissible and has a global dis¬ 
tribution. 370 Currently there is substantial doubt 
regarding the role HGV plays in the pathogenesis 
of hepatitis. Studies 371,372 of community-acquired 
hepatitis and transfusion-acquired hepatitis cast 
doubt on the relation of HGV to disease. 

Hepatitis F and G have been included here for 
completeness, but because they are not major causes 
of disease, they will not be discussed further. 

Epidemiology 

Hepatitis A and E (Fecal-Oral Transmission) 

Hepatitis A and E are spread through fecal-oral 
contact. While transmission via blood contact has 
been described, it appears to be unusual. 373,374 Com¬ 
mon-source foodborne and waterborne epidemics. 


including those caused by shellfish contaminated 
with human sewage, are well described. Poor hy¬ 
giene and intimate contact (sexual or nonsexual) 
account for the spread of hepatitis A in daycare cen¬ 
ters, among homosexuals, and in families. Spread 
occurs readily in households and daycare centers, 
although recent data suggest that, in the daycare 
setting, occupational exposure is uncommon under 
non-outbreak circumstances. 375 The risk of spread 
in a daycare center increases with the number of 
children enrolled who are younger than 2 to 3 years 
of age and who wear diapers. Most commonly, the 
adult daycare workers are symptomatic (icteric) 
with their disease whereas daycare attendees are 
frequently asymptomatic and have nonspecific dis¬ 
ease manifestations; spread of hepatitis A frequently 
occurs in the daycare center before the index case 
is recognized. Because daycare in a military commu¬ 
nity is commonly provided by a central facility, an 
outbreak among young children may provoke rapid 
spread of hepatitis A to an active duty population. 376 

HAV is found worldwide (Table 38-7), but areas 
of high endemicity include Africa, Asia excepting 
Japan, the Mediterranean region. Eastern Europe, 
the Middle East, Central and South America, 
Mexico, and parts of the Caribbean region. 

Several patterns of infection are described. 360 In 
developing countries with poor sanitation, infection 
is almost universal among children, so adults are 
immune; in such situations, nonimmune people 
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TABLE 38-7 

HEPATITIS SEROPREVALENCE STUDIES IN SELECTED COUNTRIES 


Country 

Population 

Studied 

HAV 

HBV 

HCV 

Reference 

Cambodia 

Adults 

100% 

73% 

6.5% 

Thuring 3 

Singapore 

Adults 

27% 

— 

— 

Yap b 

Pakistan 

Children 

55.8% 

2.97% 

0.44% 

Agboatwalla c 

South Africa 

White adults 

50% 

— 

— 

Sathar d 

South Africa 

Black adults 

91% 

— 

— 

Sathar d 

Egypt 

Adults 

100% 

66% 

51% 

Darwish 3 

Nicaragua 

Adults 

94.6% 

6.5% 

0% 

Perez 1 

USA 

Native Americans 

76.2% 

— 

— 

Shaw 8 


a. Thuring EG, Joller-Jemelka HI, Sareth H, Sokhan U, Reth C, Grob P. Prevalence of markers of hepatitis viruses A, B, C, and of 
HIV in healthy individuals and patients of a Cambodian province. Southeast Asian J Trop Med Public Health. 1993;24:239-249. 

b. Yap I, Guan R. Hepatitis A sero-epidemiology in Singapore: A changing pattern. Trans R Soc Trop Med Hyg. 1993;87:22-23. 

c. Agboatwalla M, Isomura S, Miyake K, Yamashita T, Morishita T, Akram DS. Hepatitis A, B, and C seroprevalence in Pakistan. 
Indian ] Pediatr. 1994;61:545-549. 

d. Sathar MA, Soni PN, Fernandes-Costa FJ, Wittenberg DF, Simjee AE. Racial differences in the seroprevalence of hepatitis A virus 
infection in Natal/KwaZulu, South Africa. / Med Virol. 1994;44:9-12. 

e. Darwish MA, Faris R, Clemens JD, Rao MR, Edelman R. High seroprevalence of hepatitis A, B, C, and E viruses in residents in 
an Egyptian village in the Nile Delta: A pilot study. Am J Trop Med Hyg. 1996;54:554-558. 

f. Perez OM, Morales W, Paniagua M, Strannegard O. Prevalence of antibodies to hepatitis A, B, C, and E viruses in a healthy 
population in Leon, Nicaragua. Am ] Trop Med Hyg. 1996;55:17-21. 

g. Shaw FE Jr, Shapiro CN, Welty TK, Dill W, Reddington J, Hadler SC. Hepatitis transmission among the Sioux Indians of South 
Dakota. Am ] Public Health. 1990;80:1091-1094. 


entering the community, such as military person¬ 
nel, are at risk. In developed countries, fewer chil¬ 
dren are infected, and this leaves a larger pool of 
susceptible adults. In this setting, disease commonly 
occurs during breaks in either personal or commu¬ 
nal sanitation. Epidemics may also occur in closed 
populations, with rapid spread and high preva¬ 
lence. In addition to these age patterns, seasonal 
patterns have been described, with peaks in autumn 
or early winter in temperate climates. 377 Finally, sev¬ 
eral large groups are at higher risk for infection with 
HAV: workers in settings where high standards of 
sanitation are not met (eg, institutions for the men¬ 
tally retarded, daycare centers), homosexual men, 
intravenous drug users, and travelers to areas with 
high incidence of HAV infection. 

Contaminated drinking water appears to be the 
most prominent route of spread of hepatitis E. 378,379 
Hepatitis E has a more geographically limited range 
than hepatitis A; originally described in India, it has 
been found throughout mainland Asia, Africa, and 
Latin America. Cases have also been reported from 
Italy and Spain. Of interest is the susceptibility of 
adults to HEV in countries with widespread child¬ 
hood infection with HAV; since the mechanisms of 


spread are similar, it is unclear why this situation 
exists. 380 

Hepatitis B, C, and D (Body Fluid Transmission) 

That hepatitis could be spread by intimate 
contact with blood or body fluids was noted in 
1833, when an epidemic of jaundice occurred in 
Bremen among shipyard workers vaccinated 
against smallpox with human serum. 381 Discover¬ 
ies by Blumberg in the 1960s led to the character¬ 
ization of HBV as the predominant cause of 
bloodborne hepatitis. 382 

Hepatitis B is transmitted through blood or body 
fluids (eg, wound exudates, semen, cervical secre¬ 
tions, saliva). High levels of viremia correlate with 
infectivity of small inocula of blood. 383 Contracting 
hepatitis B through transfusion of blood or blood 
products, once a common mode of transmission, is 
now rare in the United States because of marked 
improvements in screening blood and blood prod¬ 
ucts; the risk of HBV infection from a donor whose 
unit passes all screening tests is now estimated to 
be 1 in 63,000 (95% confidence interval, 31,000- 
147,000). 357 Other more common modes of transmis- 
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sion include sharing or reusing unsterile needles or 
syringes, percutaneous or mucous membrane ex¬ 
posure to blood or body fluids, and sexual activity. 
Hepatitis B infection among unvaccinated health 
care employees with the highest exposure to blood 
occurs at a rate of 1.05/100 person-years. 384 HBV is 
also spread efficiently by sexual contact; this is the 
most important source of hepatitis infection among 
the US military today. 358 HBV is readily transmit¬ 
ted vertically from mother to baby, although efforts 
to minimize this mode of transmission in the United 
States by vaccination of newborns have significantly 
reduced the numbers of infants infected. Hepatitis 
B virus can survive in the dried state for prolonged 
periods of time, and percutaneous contact with con¬ 
taminated inanimate objects may transmit infection. 
Hepatitis B is not transmitted by the fecal-oral route 
and is found worldwide. 

Unlike HAV, HBV produces chronic infections 
in a subset of patients. The burden of chronic dis¬ 
ease is higher in areas where HBV infections 
are acquired earlier in life; a recent study 385 in 
China showed an overall HBV infection rate of 
42.6%, with 10.3% testing positive for HBsAg. The 
highest risk of chronic infection occurs among in¬ 
fected neonates born to HBeAg-positive carrier 
mothers (80%-90%); of children infected before 6 
years of age, chronic infection develops in about 
30%. Healthy adults who become infected have a 
lower risk of chronic infection (< 5%); being male 
or having impaired immunity increases this risk. 386 
Of interest, follow-up of the cohort infected by HBV- 
contaminated yellow fever vaccine during World 
War II showed a far smaller percentage of long-term 
carriage (0.26%). 347 

Hepatitis C 

Hepatitis C is most commonly transmitted 
through direct contact with infected blood. In the 
United States, risk of transfusing blood infected 
with HCV has fallen to between 1 in 28,000 and 1 in 
288,000 (mean: 1 in 103,000). HCV remains a 
significant problem among intravenous drug users. 
Sexual transmission of HCV appears to occur but at a 
much lower frequency than HBV. Sexual transmission 
appears likelier with longer duration of exposure 
to an infected partner 387 and coinfection with human 
immunodeficiency virus (HIV). 388 Vertical trans¬ 
mission also appears to occur uncommonly; the risk 
of transmission is proportional to the titer of HCV 
RNA in the mother. 389 Some health care workers are 
also at high risk for hepatitis C. Frequently, though, 
no source or risk factor can be identified. Seventy 


to ninety percent of parenterally transmitted non- 
A, non-B hepatitis is thought to be caused by the 
hepatitis C virus. Hepatitis C is distributed 
worldwide. 

Pathogenesis and Clinical Findings 

Viral hepatitis spans a wide clinical spectrum, 
from totally asymptomatic infection (detectable by 
specific serologic markers) to acute fulminant 
hepatitis with liver failure and death. In addition, 
certain agents (ie, HBV, HCV, HDV) produce 
chronic hepatitis, with a wide variation in outcomes 
(from asymptomatic to chronic hepatitis, cirrhosis, 
and hepatocellular carcinoma). The viruses will be 
considered separately. 

Hepatitis A 

The clinical presentation of hepatitis A ranges 
from asymptomatic infection to fulminant hepatitis. 
The majority of cases are either asymptomatic or 
mild; there is a higher risk for more significant 
symptomatology in adults. 390 

In adults, the clinical syndrome of acute hepatitis 
A presents 15 to 50 days after infection, with a mean 
of 30 days. 391,392 The abrupt onset of nausea, 
vomiting, fever (generally low grade), and vague 
abdominal discomfort marks the prodromal phase. 
Loss of taste for food and tobacco is common. 393 
Within 2 to 7 days, jaundice and dark urine occur. 
Serum alanine and aspartate transaminase levels 
rise quickly during the prodromal period, peak 
around the onset of jaundice, and then fall rapidly 
(75% per week). Serum bilirubin peaks later and 
falls more slowly, but in 85% of cases the period of 
jaundice lasts less than 2 weeks. Complete clinical 
recovery by 6 months is the rule. 394 Fecal viral 
shedding begins late in the incubation phase but 
before the onset of symptoms. Typically, viral 
shedding ceases shortly after the onset of icterus 
and with onset of detectable IgM serum antibody. 

Occasional patients will present with a clinical 
picture similar to acute bacteremia, with a high 
fever, myalgias, shaking chills, and prostration. 
Prolonged cholestasis may occur. 395 Such patients 
have prolonged hyperbilirubinemia and a prolonged 
clinical course of up to 12 weeks with pruritis, fever, 
diarrhea, and weight loss. Cholestasis will resolve 
spontaneously; corticosteroids may hasten its 
resolution but are likely to lead to a relapse. 
Relapsing hepatitis occurs in 3% to 20% of adult 
patients with hepatitis A. 396 Relapse typically occurs 
4 to 5 weeks after the acute illness and is accompanied 


1179 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


by viral excretion in the stool. 397 The illness may last 
up to 40 weeks, although typically the duration is 
much shorter. IgM antibody to HAV persists 
throughout the relapse. 

Fulminant hepatitis A is relatively rare, with an 
incidence of 1 to 8 per 1,000 clinical cases. It is more 
common in older adults and is characterized by 
rapidly deepening jaundice, hepatic encephalopathy, 
coma, and falling transaminase levels. 398 The fatality 
rate exceeds 50%. 

Extrahepatic manifestations of HAV infection are 
rare and include evanescent rashes, transient 
arthralgias, arthritis, cutaneous vasculitis, and 
pancreatitis. 

Hepatitis B 

Acute hepatitis B infection in adults has a longer 
incubation period (40 to 180 days, average of 90 
days) than hepatitis A. 399 The prodromal period may 
be longer also (up to 3 weeks). Hepatitis B is thought 
to be more severe than hepatitis A; however, this 
may be artifactual and based on the more common 
occurrence of acute hepatitis B in older individuals. 
During the prodrome of hepatitis B, immunologically 
related events such as urticaria and arthritis occur. 400 

Long-term consequences of HBV infection include 
chronic hepatitis, cirrhosis, and hepatocellular 
carcinoma. Distinguishing between chronic HBsAg 
carriage and chronic hepatitis relies on demonstration 
of necroinflammatory changes on liver biopsy. 
Progression to cirrhosis is more common with active 
chronic hepatitis but may occur even in the presence 
of milder histologic abnormalities. 401 Progression to 
hepatocellular carcinoma was described early in the 
understanding of HBV infection. 402 The role of HBV 
in the etiology of hepatocellular carcinoma is now 
well established. The cohort of servicemen infected 
with HBV from the contaminated yellow fever 
vaccine administered in 1942 demonstrated a small 
excess rate of hepatocellular cancer when compared 
with controls. 346 

Hepatitis C 

Acute HCV infection is more indolent than the 
other viral hepatitides. Approximately 25% of 
patients are icteric, and the mortality of acute HCV 
infection is low (< 1%). 403 HCV infection is a rare 
cause of fulminant hepatitis. 404 The propensity to 
develop chronic HCV infection is remarkable. 
Whereas 2% to 5% of adult patients with HBV 
develop chronic infection, greater than 50% of HCV 
infections become chronic. Chronic infection is more 
likely in males, in older patients, and with larger viral 


doses. 405 Chronic HCV infection is typically indolent, 
but despite little if any clinical symptomatology, it 
produces chronic hepatitis, fibrosis, and cirrhosis 
in many patients. Up to 25% of those infected 
develop cirrhosis. 406 Chronic HCV infection is also 
a major risk factor for developing hepatocellular 
carcinoma. 407 

As with HBV, HCV infection has been associated 
with a variety of extrahepatic manifestations. The 
links between HCV infection and essential mixed 
cryoglobulinemia, 408 membranoproliferative 
glomerulonephritis, 409 and porphyria cutanea tarda 
are strong, and it is suggested that patients with those 
diagnoses be screened for HCV. 410 Possible associ¬ 
ations with other autoimmune diseases, such as 
Mooren corneal ulcers and autoimmune thyroiditis, 
also exist. 

Hepatitis D 

Because it cannot reproduce in the absence of active 
hepatitis B infection, the clinical manifestations of 
hepatitis D must be discussed in light of that viral 
infection. Acute hepatitis D infection occurs either as 
a coinfection with acute HBV infection or as a 
superinfection in a patient with chronic HBV 
infection; 411 the latter is more common. In cases of 
coinfection with HBV, the likelihood of chronic HDV 
infection is low (< 5%); when superinfection occurs, 
the risk of chronic HDV infection is 70% or more 
because of persistent HBsAg. 412 

Acute HDV hepatitis is clinically severe, with a 
mortality rate ranging from 2% to 20%. 413 The acute 
infection is likely to have a biphasic course and to be 
prolonged over months. Chronic HDV infection 
appears to result in a higher incidence of cirrhosis than 
either chronic HBV or HCV infection alone, with the 
majority of such patients dying of chronic liver 
disease. The progression to cirrhosis may be quite 
rapid, occurring as quickly as 2 years after infection. 414 

Hepatitis E 

Clinically, HEV shares many characteristics of HAV, 
the other recognized enteric hepatitis virus. HEV 
infection has caused both epidemics and sporadic 
cases of acute hepatitis in developing countries. 415 
Cholestasis is more pronounced than in typical HAV 
infection, with higher levels of serum bilirubin and 
alkaline phosphatase but lower levels of serum 
transaminases. 416 Prolonged jaundice may occur, but 
the disease is self-limited and does not lead to chronic 
hepatitis or to a carrier state. Recent studies 417 have 
documented that prolonged viremia and fecal 
shedding occur in 15% of HEV infections. This may 
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facilitate transmission. 

In the developing world, outbreaks of HEV are 
most commonly caused by ingestion of fecally 
contaminated drinking water. In contrast to hepatitis 
A, young adults are more frequently affected, with 
higher attack rates for pregnant women. The case 
fatality rate may be particularly high (15% to 20%) 
for women in the third trimester of pregnancy. 418 
Vertical transmission may be seen, with significant 
perinatal morbidity and mortality. It is unclear how 
frequently this occurs. 419 

Diagnostic Approaches 

In the Field 

The serologic diagnosis of hepatitis A, B, C, D, 
and E may be made in a regional medical center, a 
field hospital, a regional research facility, or a 
forward reference laboratory worldwide. 359,420-422 
Most frequently, samples are collected in the field 


and transported to the regional facility for testing. 
Some shipboard laboratories may be able to set up 
commercial testing for hepatitis A, B, C, or D. 

In Garrison 

Viral hepatitis is suspected in the patient with 
typical symptoms whose liver function tests 
(especially serum levels of aspartate amino¬ 
transferase and alanine aminotransferase) are 
elevated, indicating parenchymal liver damage. The 
specific virus responsible for the hepatitis is 
distinguishable only by laboratory testing (Table 
38-8), though certain epidemiologic settings and 
laboratory patterns may suggest a particular viral 
2,000) are most characteristic of hepatitis A. 
Elevated alkaline phosphatase levels are not usually 
seen in hepatitis A and are indicative of a hepatitis- 
associated cholestasis. Nonspecific indicators in 
hepatitis A include an elevated level of total serum 
IgM, a mild lymphocytosis, and, occasionally. 


TABLE 38-8 

DIAGNOSIS OF VIRAL HEPATITIS AND THE APPROPRIATE INTERPRETATION OF 
IMMUNOLOGIC MARKERS 



Immunologic 

Marker 

Interpretation 







Ongoing / Recent 
Infection 

Past/Resolution of 
Infection 

Chronic 

Infection 

Carrier State 

Vaccinated 

Hepatitis A 

Hep A IgM 

+ 

- 

N/A 

N/A 

+ 


Hep A IgM+IgG 

+ 

+ 

N/A 

N/A 

+ 

Hepatitis B 

HBsAg 

+ 

- 

+ 

+ 

- 


anti-HBc (IgG) 

+ 

+ 

+ 

+ 

- 


anti-HBc (IgM) 

+ 

- 

- 

- 

- 


Hbe Ag 

+ 

- 

+ 

- 

- 


anti-HBe 

- 

+ 

- 

- 

- 


anti-HBs 

- 

+ 

- 

- 

+ 

Hepatitis D 

anti-delta IgM 

+ 

- 

- 

- 

N/A 


HD Ag 

+ 

- 

+ 

N/A 

N/A 

Hepatitis C 

anti-HCV 

•k 

± 

+ 

+ 

N/A 

N/A 


HCV RNA PCR 

k 

± 

+ 

+ 

N/A 

N/A 

Hepatitis E 

anti-HEV + 

+ 

+ 

N/A 

N/A 

N/A 


+ Marker present 
- Marker absent 
± Marker present or absent 
Requires 6 weeks to 9 months 
* Not commercially available 
PCR: polymerase chain reaction 
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atypical mononuclear cells on blood smear. 

The specific diagnosis of hepatitis A is made 
based on the detection of antibody to the hepatitis 
A virus. The presence of hepatitis A IgM indicates 
ongoing or recent infection. The diagnosis of 
hepatitis A may be made based on a single positive 
specific IgM result because hepatitis A IgM is 
present at the time of the first rise in liver enzymes 
and the first clinical symptoms. Measurement of 
total antibody to hepatitis A (IgM plus IgG) is not 
useful in the diagnosis of acute disease unless a 4- 
fold rise in titer between acute and convalescent 
specimens is detected. A single positive total 
antibody to HAV simply indicates infection with the 
virus in the past. 

The most commonly used specific assays for 
hepatitis A IgM are capture radioimmunoassays or 
enzyme immunoassays. These tests are highly 
sensitive and specific. IgM positivity may persist 
for 3 to 12 months following the onset of illness. 
False positives are rare but may be associated with 
administration of IG, recent transfusion, or maternal 
antibody transfer. 

Highly specific and sensitive laboratory tests are 
commercially available for the multiple markers of 
hepatitis B infection. The pattern of positive 
hepatitis B markers provides not only a diagnosis 
of hepatitis B but often a rough estimate of the stage 
of the disease, the infectiousness of the patient, and 
the prognosis. Acute hepatitis B is characterized by 
positive markers for HBsAg, anti-HBc (IgG or IgM), 
and HBeAg. HBsAg is the most important marker 
for active infection since it is almost always present 
in acute infection. Blood or body fluids, with the 
exception of sweat, should be considered infectious 
when they are HBsAg positive. HBeAg can be 
detected in the serum of most patients in the early 
stage of infection; HBeAg disappears and anti-HBe 
appears during the resolution of infection. The 
presence of HBeAg during acute or persistent 
infection identifies those patients who are most 
infectious and in whom active viral replication is 
ongoing. The presence of anti-HBs either alone or 
with anti-HBc(IgG) is consistent with past hepatitis 
B infection. Alternatively, the presence of anti-HBs 
alone is consistent with hepatitis B vaccination. A 
persistently positive HBsAg accompanied by a 
positive anti-HBc(IgG) is found in healthy hepatitis 
B carriers. Patients with chronic hepatitis B display 
persistently positive HBsAg, anti-HBc(IgG), and 
HBeAg markers. (See addendum at the end of the 
chapter.) 

The diagnosis of hepatitis D is only made in the 
presence of hepatitis B infection. Patients with delta 
antigen in the liver have antibody to delta antigen 


in their serum. Hepatitis D is diagnosed by a 
positive assay for anti-delta IgM and hepatitis D 
antigen, (HDAg). The presence of anti-HBc(IgM) 
accompanied by hepatitis D serologic markers 
identifies hepatitis B-hepatitis D coinfection. 
Coinfected chronic HBsAg carriers may be persist¬ 
ently positive for delta antigen. 

The diagnosis of hepatitis C has been based 
on the detection of antibodies reactive with 
recom-binant proteins or synthetic peptides 
because hepatitis C cannot be grown in vivo to 
produce a sufficient quantity of viral antigen for 
laboratory use. HCV antibody enzyme linked 
immunosorbent assays (ELISAs) were developed 
for the screening of donated blood but have been 
widely used for diagnostic purposes. The first 
generation ELISAs were highly sensitive but 
poorly specific; false positives were common, 
particularly in populations with low prevalence 
of the disease. Second gener-ation ELISAs have 
shown improvement in both sensitivity and 
specificity and can make the diagnosis earlier in 
the infection. Nonetheless, even using second 
generation testing, only 70% of patients infected 
with hepatitis C show positive results within 6 
weeks of infection. 423 Polymerase chain reaction 
for the detection of HCV has been developed and 
is being used increasingly in labor-atories, but 
its reliability is currently uncertain. 424 

No serologic test is commercially available now 
for the diagnosis of hepatitis E. The diagnosis is 
established by the appropriate clinical and epidem¬ 
iologic characteristics, coupled with the exclusion 
of hepatitis A, B, C, and D, as well as other viral 
agents that produce a hepatitis as part of multi- 
organ-system involvement. Enzyme immunoassays 
based on recombinant hepatitis E viral proteins are 
being developed and appear to detect anti-hepatitis 
E proteins reliably. 425 

Recommendations for Therapy 

Hepatitis A 

The therapy and management of hepatitis A is 
supportive. Admission to the hospital is rarely 
needed; if good sanitation can be assured, patients 
may be managed at home or in barracks. Separate 
toilet facilities are needed if the patient has diarrhea 
or is incontinent of stool. Fulminant hepatic failure 
from hepatitis A is rare but may occasionally require 
liver transplant. No specific dietary or bed-rest 
restrictions have been shown to be of value. 
Generally, it is recommended that patients abstain 
from consuming alcohol. 
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Hepatitis B 

No specific therapy has been shown to be of use in 
acute hepatitis B. As with hepatitis A, the duration of 
bed rest is dictated by the energy level of the patient. 
In young patients, early ambulation and mild exercise 
are not harmful. No dietary restrictions are of any 
benefit. Corticosteroids have been used in severe acute 
hepatitis, but controlled trials 426 ' 427 of severe and 
fulminant hepatitis have shown either no benefit or a 
negative effect. 

The therapy of chronic hepatitis B is more complex. 
The only agent known to have a lasting beneficial 
effect is interferon alpha, and hence recombinant 
interferon alpha is licensed in the United States for 
the therapy of chronic hepatitis B. 428 Interferon does 
suppress hepatitis B virus replication in all patients 
and has significant though clinically limited utility. 429 
Therapy of 4 to 6 months' duration induces long-term 
remission in 25% to 40% of patients. Treatment is 
recommended for patients with persistently elevated 
serum levels of aminotransferases; detectable HBsAg, 
HBeAg, and HBV DNA in serum; chronic hepatitis as 
shown by liver biopsy; and compensated liver 
disease. 428 Suppression of hepatitis B markers may be 
either complete or partial and either permanent or 
temporary following treatment with interferon alpha. 
Interferon in high doses causes fever, malaise, hair 
loss, leukopenia, and thrombocytopenia. These effects 
are reversible once therapy ceases. 

Agents such as prednisone, interferon gamma, 
thymosin, levamisole, suramin, foscarnet, didanosine, 
adenosine arabinoside, acyclovir, zidovudine, and 
fialuridine inhibit hepatitis B virus replication; 
however, their lackluster efficacy and toxicity have 
limited their use. 428,430 Ganciclovir has been shown to 
reduce hepatitis B virus replication after liver trans¬ 
plantation. 431 A number of new nucleoside analogues, 
such as famciclovir, lamivudine, lobucavir, and 
adefovir dipivoxil, show promise in the treatment of 
chronic hepatitis B. Of these, famciclovir and lamivu¬ 
dine have been studied most extensively. 428 In a pre¬ 
liminary trial of 32 patients with chronic hepatitis B 
infection, 12 weeks of lamivudine therapy were well 
tolerated, and daily doses of 100 mg and 300 mg 
reduced HBV DNA to undetectable levels. In most 
patients, HBV DNA reappeared after therapy was 
complete, but 19% of patients had sustained suppres¬ 
sion. 432 (See addendum at the end of the chapter.) 

Hepatitis C 

The therapy for hepatitis C is equally complex, 
controversial, and unsatisfactory. In acute hepatitis C, 
interferon alpha appears to decrease the chronicity 


rate. Interferon remains the only approved therapy 
for chronic hepatitis C, 433 although the low rate of 
sustained remissions and the significant side effects 
have mandated a search for ways to improve the 
efficacy of interferon and for new and more potent 
agents. Therapy is recommended for patients with 
elevated serum aminotransferase levels, anti-HCV 
in serum, and chronic hepatitis as shown by liver 
biopsy. 428 Current research shows a general trend 
toward the use of interferon in combination with other 
agents, such as ribavirin, 434 azidothymidine, 435 or 
recombinant human granulocyte colony-stimulating 
factor (rhG-CSF). 436 The response to interferon 
therapy in chronic hepatitis C may depend in part 
not only on the dose administered but also on host 
factors such as the hepatitis C genotype of the 
infection, the levels of HCV RNA, the fibrosis score 
of the histologic activity index, the iron 
concentrations in liver tissue, and the source of the 
infection. 428,437 (See addendum at the end of the 
chapter.) 

Hepatitis D 

Interferon alpha has been used in the treatment 
of chronic hepatitis D but with marginal success. 
Hepatitis D virus is inhibited by interferon alpha- 
2b, although permanent control of the disease is not 
achieved. 438 In the patient with chronic hepatitis B, 
it is important to determine whether hepatitis D is 
present because patients with combined infection 
respond more poorly to treatment and the recom¬ 
mended regimen of interferon is different (higher 
dose given for a more prolonged time). 401 

Liver transplantation has become the treatment 
of choice for fulminant hepatic failure since the 
advent of cyclosporin A in the early 1980s. Currently 
more than 2,500 transplants are done annually in 
the United States. Approximately 7% of these 
patients undergo transplantation for fulminant or 
subacute liver failure. Sixty to ninety percent survive 
1 to 2 years. 439 The decision for transplantation 
needs to be made before complications of the 
hepatic failure are present; patients with incipient 
hepatic failure should be referred promptly to a 
liver transplant center. 

Recommendations for Control and Prevention 

The control and prevention of hepatitis are 
inextricably intertwined, and both are directly related 
to the specific epidemiology of each agent. Patients 
with jaundice thought to be caused by an unidentified 
hepatitis virus should be placed on contact and 
standard (formerly known as universal) precautions 
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pending further elucidation of the specific virus. 

The advent of hepatitis vaccines has enhanced the 
ability to control and prevent these diseases. Hepatitis 
vaccines have two purposes: (1) to prevent the 
morbidity and occasional mortality associated with 
acute infection and (2) to reduce the occurrence of 
chronic liver disease and hepatocellular carcinoma. 
For the first aim, the principal targets are hepatitis A 
and B; for the second, the targets are hepatitis B and 
C. Hepatitis A and B can both be prevented by 
immunization. The increasing use of immunization 
for hepatitis A and B prevention will gradually obviate 
the need for IG prophylaxis. 

Hepatitis A 

Since hepatitis A is transmitted primarily by the 
fecal-oral route, good sanitation and handwashing are 
paramount in the control of this disease. This is 
especially important for food handlers, whether in 
garrison or in the field. Detection of the ill food 
handler and restriction of his or her activities are 
essential in prevention and control. The field offers 
an excellent setting for transmission of this disease 
via food handling if appropriate care is not exercised 
and the involved military personnel have not been 
immunized. The advent of active immunization for 
hepatitis A will further reduce its impact on military 
forces, but even so, a foodborne outbreak of hepatitis 
A during a field training exercise that resulted in 22 
ill soldiers and more than 300 lost work days was 
recently described. 420 In this outbreak, the secondary 
attack rate was nearly 20%. The index case was a 
cook's aide, who complained of fatigue, anorexia, and 
dark urine after 12 days in the field. Poor personal 
hygiene, inadequate sanitation, crowded conditions, 
and lack of immunization (vaccine was not available 
at that time) all facilitated this outbreak of hepatitis 
A. Food handlers should be repeatedly encouraged 
to report illness, and a work environment should be 
created where food handlers are not penalized or 
made uncomfortable when they do so. Food handlers 
should be prospectively immunized against hepatitis 
A. As the immunization of military personnel 
continues, the threat of hepatitis E may be larger as 
US forces deploy into areas of the world where this 
other enterically spread pathogen is common. 440,441 

Infection with hepatitis A is endemic in developing 
countries. Travelers to such destinations, whether they 
are deploying or traveling for pleasure, should be 
advised to seek immunization prospectively and to 
take specific precautions. Only well-cooked, hot food 
should be ingested. Only bottled beverages should 
be drunk and those without ice. Eating uncooked 


vegetables, fruit not peeled by the consumer, and 
shellfish is associated with risk. Hepatitis A vaccine 
is now recommended for all military personnel. 

Nosocomial spread of hepatitis A is rare, even when 
patients share the same room and toilet facilities. 
Standard precautions are all that is required for the 
hospitalized patient with hepatitis A. 

Use of Immune Globulin. Before the hepatitis A 
vaccine, pooled IG was the mainstay of immuno¬ 
prophylaxis. In the absence of prior hepatitis A 
vaccination, all household and sexual contacts of 
persons with hepatitis A should receive 0.02mL/kg 
of IG as soon as practical after exposure. Serologic 
testing of contacts is not recommended as it may delay 
administration of IG and add cost. The use of IG more 
than 2 weeks after exposure is of no benefit. 

Careful handwashing and meticulous environ¬ 
mental hygiene are essential in a daycare setting, 
particularly after changing diapers and preparing 
or handling food. Increased education and surveil¬ 
lance of employees and families are necessary for 
interrupting an outbreak. Outbreaks of hepatitis A 
in such settings must be reported to local public 
health officials, as well as to military preventive 
medicine units as applicable. Currently available 
hepatitis vaccines are not licensed for use in 
children under 2 years of age. Adult care takers 
should be immunized prospectively against 
hepatitis A. Recommendations for the use of IG for 
an outbreak of hepatitis A in a daycare setting are 
complex and vary depending on the ages of the 
children cared for, whether they are toilet trained, 
whether household contacts are involved, and how 
long a delay has elapsed before recognition of the 
disease. All recommendations involve the use of IG 
(0.02mL/kg). For further specifics, see a standard 
reference. 442,443 Schoolroom exposure generally does 
not pose a risk for transmission, and IG admin¬ 
istration is not indicated. 

If an outbreak occurs in institutions for custodial 
care, such as prisons, institutions for the mentally 
disabled, and nursing homes, residents and staff in 
close contact with infected persons should receive 
IG (0.02 mL/kg). Emphasis should be placed on 
careful handwashing and good personal hygiene. 
Generally, immunoprophylaxis is not required in a 
barracks setting unless conditions of poor hand¬ 
washing, hygiene, sanitation, and crowding are 
present and transmission is likely. 

In foodborne or waterborne outbreaks of hepatitis 
A, generally the source is recognized too late for IG 
to be effective. IG may be effective if it is admin¬ 
istered to exposed persons within 2 weeks of the 
last exposure to hepatitis A-contaminated food or 
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water. Experiences in the field suggest that standard 
recommendations are too stringent for such settings. 
In the field, confirmation of a case of hepatitis A may 
be difficult and therefore the presumptive diagnosis 
should prompt aggressive epidemiologic investi¬ 
gation. When any person working in a mess tent is 
presumptively diagnosed with hepatitis A, aggressive 
use of IG is warranted if laboratory confirmation is 
unavailable. At a minimum, all cooks should receive 
IG and consideration should be given to administering 
IG to all who eat at the mess tent. Clinical decisions 
should be driven by the aggressive epidemiologic 
investigation. Ultimately, control and prevention in 
the field setting depend on good sanitation and 
effective vaccination of all personnel. 420 

In the absence of previous vaccination, IG prophy¬ 
laxis for the prevention of hepatitis A is recommended 
for travelers to developing countries. Those travelers 
staying less than 3 months should receive 0.02 mL/ 
kg. Those staying longer than 3 months should receive 
0.06 mL / kg every 5 months. Vaccination of susceptible 
prospective travelers is an alternative if sufficient lead 
time exists. Alternatively, one dose of IG and hepatitis 
A vaccination may be given if no lead time exists, but 
this strategy may reduce the immunogenicity of the 

• 444 

vaccine. 

Vaccine. Two killed-virus hepatitis A vaccines have 
been approved for use in the United States (HAVRIX, 
developed by SmithKline Beecham Pharmaceuticals, 
Philadelphia, Penn, and VAQTA developed by Merck 
& Co, West Point, Penn). Each has been shown to have 
protective efficacy exceeding 90% and low levels of 
adverse reactions in trials in children. 445,446 Within 15 
days of primary injection, up to 98% of adults and 
96% of children and adolescents develop protective 
levels of antibody against hepatitis A. See Table 38-9 
for doses and administration schedules. The most 


commonly reported adverse events after immun¬ 
ization are soreness at the injection site and headache. 
Research at the Walter Reed Army Institute of 
Research has shown that immunization by jet gun 
confers immunity equivalent to immunization by 
needle and syringe. Additionally, hepatitis A vaccine 
is just as effective when given with hepatitis B vaccine 
as it is when given alone. 447 

Hepatitis A vaccine is likely to be universally 
recommended for pediatric use, but its current high 
cost may be a problem. 448 Adults targeted for 
immunization include international travelers to areas 
of high endemicity, staff members of daycare centers 
and custodial institutions, military personnel, food 
handlers, members of population groups with a high 
level of endemic infection, persons whose sexual 
practices place them at increased risk (eg, male 
homosexuals, persons with multiple sexual partners), 
handlers of nonhuman primates, and hemophiliacs 449 
and other regular recipients of blood products. 
Hepatitis A vaccination should replace IG for use in 
preexposure prophylaxis. Vaccine may be combined 
with IG for either postexposure prophylaxis or 
situations where immediate and long-term protection 
are required. Hepatitis A vaccination is recommended 
for all Department of Defense personnel 450,451 ; 
however, the implementation of this policy is likely 
to be delayed by the expense. The most current 
recommendations for candidates for hepatitis A 
vaccination from the Advisory Committee on 
Immunization Practices are listed in Exhibit 38-16. 

Hepatitis B 

Standard precautions should be followed for 
patients with acute or chronic hepatitis B infection. 
Infants born to HBsAg-positive mothers should 


TABLE 38-9 

DOSAGE AND ADMINISTRATION SCHEDULES FOR TWO HEPATITIS A VACCINES* 



HAVRIX + 

Intervals 

VAQTA 4 

Intervals 

Children 

2-18 y 


2-17 y 



0.5 mL 

0 and 6-12 mo 

0.5 mL 

0 and 6-18 mo 


or 

0.5 mL 

0,1, and 6-12 mo 



Adults 

1 mL 

0 and 6-12 mo 

0.5 mL 

0 and 6-12 mo 


See package inserts for updated information 
4 SmithKline Beecham Pharmaceuticals, Philadelphia, Penn 
4 Merck and Company, Inc., West Point, Penn 
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EXHIBIT 38-16 

CANDIDATES FOR HEPATITIS A IMMUNIZATION 

For Routine Immunization 

Children living in states, counties, and communities with rates that are twice the 1987-1997 national 
average or greater (ie, > 20 cases per 100,000 population) 

Those at Increased Risk 

Travelers to endemic regions 
Men having sex with men 
Users of illicit injection drugs 

Persons working closely with nonhuman primates 

Persons with occupational risk (eg, researchers, military personnel) 

Persons with chronic liver disease 

Persons who receive clotting factor concentrates 

Consideration of routine vaccination should be given for children in states, counties, and communities with rates exceed¬ 
ing the 1987-1997 national average (ie, > 10 but < 20 cases per 100,000 population). 

Source: Advisory Committee on Immunization Practices. Prevention of hepatitis A through active or passive immuniza¬ 
tion: Recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR. 1999;48(RR-12):l-37. 


have maternal blood carefully removed at delivery 
by a gloved health care provider in addition to the 
subsequent administration of hepatitis B immune 
globulin (HBIG) and hepatitis B vaccine. The blood 
of these infants should be handled with standard 
precautions as 1% to 3% of such infants are HBsAg 
positive due to infection in utero. 

The most effective hepatitis B immunoprophy¬ 
laxis is the preexposure immunization of all sus¬ 
ceptible individuals. Hepatitis B vaccine has been 
available since 1981 and is one of the most effica¬ 
cious yet underutilized vaccines in the medical ar¬ 
mamentarium. Vaccination is recommended for all 
infants as part of the routine childhood immuniza¬ 
tion schedule. Immunization of all adolescents is 
currently recommended by the American Academy 
of Pediatrics. 412 Universal immunization is desirable. 

Postexposure prophylaxis with hepatitis B vac¬ 
cine and HBIG can effectively prevent infection. 
HBIG provides temporary protection and is only 
indicated in specific instances. Hepatitis B vaccine 
is used for protection both before and after expo¬ 
sure and provides long-term protection. HBIG is 
prepared from plasma known to have a high titer 
of antibody to HBsAg and to be negative for anti¬ 
bodies to HIV. The initial hepatitis B vaccine was 
made from plasma from male homosexuals in San 
Francisco who were positive for HBsAg. This vac¬ 


cine was carefully purified; at no time has there been 
any evidence of transmission of HIV from this vac¬ 
cine. It is no longer used in the United States but is 
still used extensively in other countries. 452 The sec¬ 
ond generation of hepatitis B vaccines currently 
used in the United States is produced by recombi¬ 
nant DNA technology using common baker's yeast 
(Saccharomyces cerevisiae) modified to produce 
HBsAg in large quantities and hence HIV transmis¬ 
sion is no longer even a theoretic issue. 

The two vaccines currently in use are RECOMB- 
IVAX (Merck & Co.) and ENGERIX-B (SmithKline 
Beecham Pharmaceuticals). Neither vaccine has been 
shown to be superior to the other when used as rec¬ 
ommended. Three intramuscular doses are required 
to induce protective immunity in more than 90% of 
adults and 95% of adolescents, children, and infants. 
See Table 38-10 for doses and administration sched¬ 
ules. Immunocompromised and hemodialysis pa¬ 
tients should receive larger doses. A booster dose may 
be given to all vaccinees 4 to 6 months after primary 
immunization is complete to produce higher titers and 
more lasting protection. 442 

High-risk candidates for hepatitis B immuniza¬ 
tion are listed in Exhibit 38-17; family members of 
HbsAg-positive adoptees from countries where 
hepatitis B is endemic are also candidates. The 
screening of pregnant women for evidence of 
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TABLE 38-10 

DOSAGES AND ADMINISTRATION SCHEDULES FOR HEPATITIS B VACCINES 


Population 

Intervals 

RECOMBIVAX* 

ENGERIX-B + 

Infants 

HBsAg - mother 

0-2, 1-4, 6-18 mos 

0.5 mL (2.5 pg) 

0.5 mL (10 pg) 

HBsAg + mother 

birth (HBIG), 1-2 and 6 mos 

0.5 mL (5 pg) 

0.5 mL (10 pg) 

Children 

1-10 y 

0, 1-2, and 4-6 mos 

0.5 mL (2.5 pg) 

0.5 mL (10 pg) 

11-19 y 

0, 1-2, and 4-6 mos 

0.5 mL (5 pg) 

0.5 mL (10 pg) 

Adults 

>20 y 

0, 1-2, and 4-6 mos 

1 mL (10 pg) 

1 mL (20 pg) 

Immunocompromised 

0, 1, and 6 mos 

1 mL (40 pg) 

2 mL (40 pg) 


Merck and Company, Inc., West Point, Penn 
* SmithKline Beecham Pharmaceutical, Philadelphia, Penn 


chronic hepatitis B infection (positive HBsAg/HBe 
Ag) is essential and allows for the use of HBIG and 
hepatitis B vaccine to interrupt vertical transmission. 
This effort alone is expected to prevent millions of 
cases of hepatocellular carcinoma worldwide. The 


EXHIBIT 38-17 

CANDIDATES FOR HEPATITIS B IMMU¬ 
NIZATION 

For Routine Immunization 

All infants 
All adolescents 

Those at Increased Risk 

Health care workers 

Clients and staff of custodial institutions 
Hemodialysis patients 

Patients who regularly receive blood products 
Household and sexual contacts of HBsAg 
carriers 

Travelers for more than 6 months in areas of 
high endemicity 

Sexually active homosexual or bisexual males 

Heterosexuals with multiple partners or a 
history of sexually transmitted diseases 


Department of Defense mandates HBV immuniza¬ 
tion of all health care workers and those judged to 
be high-risk candidates. 

Complex algorithms exist for the management 
of potential hepatitis B exposure 442,443 in health care 
providers following needlestick or sharps injury, 
but comprehensive hepatitis B immunization of all 
health care providers obviates their need. Today, 
there is virtually no rationale for health care work¬ 
ers not to be fully immune to hepatitis B. Hepatitis 
B vaccines licensed in the United States are very safe 
vaccines. Anaphylaxis is rare. The only contraindi¬ 
cation to vaccine administration is hypersensitiv¬ 
ity to yeast or another component of the vaccine. 452 

Hepatitis C 

Standard precautions are indicated for the 
hospitalized patient with hepatitis C. Frequently a 
patient is found to have hepatitis C as an incidental 
finding in the hospital, highlighting the need for 
standard precautions for every hospitalized patient 
regardless of known or suspected diagnosis. 

No immunoprophylaxis of proven benefit exists 
for hepatitis C. Now that screening of plasma 
donors and exclusion of infected persons from the 
donor pool is recommended in the United States, 
IG manufactured in this country does not contain 
appreciable titers of antibodies to hepatitis C, and 
therefore is not expected to be of any benefit. No 
vaccine currently exists for hepatitis C. Formulation 
of such a vaccine is hindered by the extensive genetic 
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and antigenic diversity among different strains of 
hepatitis C and by the fact that HCV infection does 
not confer solid immunity against reinfection. 452 

Hepatitis D 

Since hepatitis D can only be transmitted in the 
presence of hepatitis B infection, isolation precau¬ 
tions for hepatitis D are the same as those for 
hepatitis B. Similarly the same control and pre¬ 
vention methods apply. Immunization for hepatitis 
B will prevent acquisition of delta hepatitis. HBsAg 
carriers should be extremely careful to avoid 
exposure to hepatitis D because no immuno- 
prophylactic measures currently exist to prevent 
hepatitis D superinfection. 


Hepatitis E 

Appropriate isolation for patients with hepatitis 
E is contact isolation with standard precautions 
routinely observed. Prevention involves good 
sanitation and not ingesting contaminated food or 
water. Passive immunoprophylaxis with IG prepared 
in the United States is not effective against hepatitis 
E. A study 453 in cynomolgus monkeys showed that 
immunization with a recombinant protein repre¬ 
senting part of the hepatitis E capsid could confer 
immunity. This suggests that a vaccine may be 
developed in the future that would be useful for 
travelers and military persons who deploy outside 
the United States. 

[Margan J. Zajdowicz and Thaddeus R. Zajdowicz] 


ADDENDUM: ADDITIONAL DIAGNOSTIC AND UPDATED TREATMENT INFORMATION FOR HEPATITIS 

Additional Diagnostic Information for Hepatitis B 

Generally, patients with chronic hepatitis B display persistently positive HBsAg, anti-HBc (IgG), and 
HBeAg markers. Some patients with chronic hepatitis B are infected with a mutant strain of HBV, charac¬ 
terized by the presence of HBsAg, anti-HBc, and abnormal serum enzymes but the absence of HBeAg. 
This form of chronic hepatitis may sometimes be associated with more severe liver disease. 

Updated Recommendations for Therapy: Hepatitis B 

Because of the results in a recent study 1 among US patients showing that lamivudine administered for 
1 year favorably affected liver histology, virology, and biochemical features in patients with chronic hepa¬ 
titis B and appeared to be well tolerated, the drug is achieving greater popularity and is even considered 
by some to be the starting drug of choice. Unfortunately, long-term treatment with this drug appears to be 
associated with the increasing likelihood of development of mutant strains, probably necessitating ex¬ 
tended or even life-long treatment. 

Updated Recommendations for Therapy: Hepatitis C 

A new form of interferon has been developed and is called pegylated interferon. This form of inter¬ 
feron is attached to the molecule polyethylene glycol (hence the prefix "peg") and has a delayed excretion 
after injection, thus maintaining a high and sustained interferon blood level. Accordingly, it is adminis¬ 
tered as a once weekly dose. First reports indicate that pegylated interferon on its own is approximately 
equivalent in efficacy to the combination of conventional interferon plus ribavirin. 2,3 Furthermore, pre¬ 
liminary reports indicate that pegylated interferon plus ribavirin is clearly superior to the prior recom¬ 
mended treatment regimen and is expected to be the treatment of choice for the immediate future. 4 

1. Dienstag JL, Schiff ER, Wright TL, et al, Lamivudine as initial treatment for chronic hepatitis B in the United 
States. N Engl J Med. 1999;341:1256-1263. 

2. Zeuzem S, Feinman V, Rasenack J, et al. Peginterferon alfa-2a in patients with chronic hepatitis C. N Engl}Med. 
2000;343:1666-1672. 

3. Heathcote EJ, Shiftman ML, Cooksley GE, et al. Peginterferon alfa-2a in patients with chronic hepatitis C and 
cirrhosis. N Engl J Med. 2000;343:1673-1680. 

4. Fried MW, Shiftman ML, Reddy RK, et al. Pegylated (40kDa) interferon alfa-2a (PEGASYS) in combination 
with ribavirin: Efficacy and safety results from a phase III, randomized, actively controlled, multicenter study. 
Gastroenterol. 2001;120(5, Suppl l):A-55. Abstract 289. 

Provided by Leonard B. Seeff, MD, Senior Scientist for Hepatitis C Research, National Institutes of Diabetes and Digestive and 
Kidney Diseases, National Institutes of Health 
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MEASLES 


Introduction and Military Relevance 

Measles (rubeola) has been called "the simplest 
of all infectious diseases." 1 It has a relatively dis¬ 
tinct, homogeneous, and invariant etiology and 
pathogenesis. A high level of infectivity and rela¬ 
tive lack of subclinical cases have contributed to its 
well-characterized epidemiology. It was first de¬ 
scribed in the 7th century but was not considered 
distinct from smallpox until 1629. 2 In 1758, attempts 
to prevent it through a process similar to variolization 
(application of smallpox crusts to susceptibles) was 
performed by Home and known as morbillization; 
it was mildly successful but never widely prac¬ 
ticed. 3 The epidemiology of measles was elegantly 
described by Panum following an outbreak in the 
highly susceptible population of the Faroe Islands. 4 
In the prevaccine era, most cases of measles in the 
United States occurred in children, although out¬ 
breaks in susceptible military recruits have been well 
documented. 5 A vaccine licensed in 1963 eventually 
resulted in a 99% decrease in measles cases in the 
United States, although there was a relative resur¬ 
gence of cases in 1989 through 1991. 6 Elimination is 
currently a goal in the United States and elsewhere. 6,7 

Measles has been a constant presence during 
military deployments. During the Civil War, the 
case rate per 1,000 man-years was 32.2; during 
World War I, it was 26.1/1,000. 2 By World War II, 
the disease rate in the military had dropped to 
4.7 /1,000, and it was 0.9/1,000 during the Vietnam 
era. This pattern is similar to that seen with other 
contagious diseases and is thought to reflect a de¬ 
creased number of susceptibles left in successive 
cohorts as travel and urbanization became more 
commonplace. In 1962, 98.8% of military recruits 
had measurable levels of antibody to measles. 8 Even 
with low population susceptibility rates, however, 
the virus circulates in large population clusters. 
Thus, military recruits experienced outbreaks be¬ 
fore widespread vaccine use. 5 This was problem¬ 
atic for the involved installations and, because of 
the high mobility of these populations, for other 
posts and the surrounding civilian populations as 
well when servicemembers went home on leave. 
Transmission on posts extended to daycare centers 
and schools. In 1979 and the first half of 1980, about 
9% of the reported measles cases in the United States 
were military cases. 9 Subsequent to the change in 
policy that mandated giving measles and rubella 
vaccine to recruits in 1980, cases were rare among 


the more than 750,000-member-strong active duty 
Army. In 1989, though, 12 confirmed and presump¬ 
tive measles cases occurred among basic trainees 
at Fort Leonard Wood, Missouri, where immuniza¬ 
tion was delayed until the second week of basic 
training. Measles can also be a problem after train¬ 
ing ends. For deployable military personnel, the risk 
of acquiring measles during worldwide deploy¬ 
ments for humanitarian assistance missions remains 
high, particularly in Africa and Asia. 

Description of the Pathogen 

The causative agent of clinical measles is the 
measles virus, a member of the family Paramyxovirida 
and genus Morbillivirus; it is closely related to the 
viruses of canine distemper and rinderpest. 2 It is a 
spherical, single-stranded RNA virus. The only 
known reservoir is humans. 

Epidemiology 

Transmission 

Measles is a ubiquitous, highly contagious, sea¬ 
sonal disease that affects nearly every person in a 
given population by the age of adolescence in the 
absence of immunzation programs. Infection at 
some point in life is the rule. 2 The virus is transmit¬ 
ted by airborne droplet spread, by direct contact 
with nasal or throat secretions of infected persons, 
and, less commonly, by fomites. Maximal dissemi¬ 
nation of the virus occurs during the prodromal (or 
catarrhal) stage. In temperate climates, infections 
occur primarily in the late winter and early spring. 10 
Measles is endemic in large urban areas, with epi¬ 
demics occurring every second or third year. In 
smaller communities, outbreaks are more widely 
spread and severe. As demonstrated by Panum, is¬ 
land populations can remain free of infection for 
variable periods. 4 On reintroduction of the virus, 
epidemics of the disease strike all those not affected 
by the last wave. Thus, although transmission usu¬ 
ally occurs among children, outbreaks in isolated 
communities include many older individuals, as 
was documented in the Faroe Islands. Overall, it is 
estimated that a herd immunity of greater than 95% 
may be needed to interrupt community transmis¬ 
sion. 2 Immunization of 15-month-old children pro¬ 
duces immunity in 95% to 98% of recipients; 
reimmunization may increase levels to 99%. 11 
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Geographic Distribution 

Measles is epidemic worldwide and is often a 
problem when people are displaced and congre¬ 
gated in settings such as refugee camps. Importa¬ 
tions contribute to transmission in the United 
States. 6 Isolates currently circulating in the United 
States are similar to strains identified in Japan and 
Europe. Measles activity in the Western hemisphere 
is currently considered low, and elimination cam¬ 
paigns continue in the Americas. 7 

Incidence 

Prior to vaccine use in the United States, epidem¬ 
ics affected largely children aged 5 to 9 years. 2 Av¬ 
erage age at infection typically correlated with the 
age at which susceptible children increased their 
contacts outside the home. With the licensure of 
vaccine in 1963, cases declined from 450,000 per 
year to less than 50,000 per year in the United States 
by 1968. 12 The number of cases continued to decline, 
although small epidemics intervened in 1971 and 
1977. During the late 1970s, elimination of measles 
was considered an achievable goal, with fewer than 
5,000 cases documented through 1985. Measles 
resurged nationwide from 1989 to 1991, and inci¬ 
dence was highest among unvaccinated preschool- 
aged children. 13 An estimated 55,000 cases occurred 
during 1989 to 1990. In communities experiencing 
outbreaks, immunization of children at 12 months 
of age was conducted to protect them, with follow¬ 
up immunization at 15 to 18 months of age because 
of concern over the adequacy of resultant antibody 
levels in that age group. Additionally, immuniza¬ 
tion campaigns were conducted to increase aware¬ 
ness and coverage, and cases of measles once again 
declined. Between 1993 and 1995, an increasing pro¬ 
portion of cases were reported among older age 
groups, representing failure to vaccinate as well as 
vaccine failure. 6 Serosurveys conducted with US 
Army recruits in 1989 demonstrated overall that 
only 82.8% of the sample were seropositive by com¬ 
mercial enzyme immunosorbent assay. 14 Younger 
recruits were more likely to be seronegative, repre¬ 
senting a cohort that may have missed both immu¬ 
nization and naturally acquired illness due to de¬ 
clining rates. 

In 1995, 301 confirmed measles cases were re¬ 
ported, representing the lowest number in a single 
year since measles became reportable in 1912. 6 Al¬ 
though the number of cases is small, it provides 
evidence that the second dose of measles vaccine 
has not been uniformly implemented in all cohorts. 


Among the 96 cases who were not vaccinated, 56 
were eligible for vaccine. 

Worldwide, almost a million persons, mostly in¬ 
fants and young children, die annually from 
measles. 11 Poor nutrition and rapid loss of mater¬ 
nal antibody place infants at risk, and early expo¬ 
sure to the community and prolonged viral excre¬ 
tion result in infection. The case-fatality rates in 
developing countries are estimated to be 3% to 5% 
globally, but are commonly 10% to 30% in some lo¬ 
calities. 1 In the spring of 2000, 2,961 cases of measles 
with three deaths and 68 hospitalizations occurred 
in the Netherlands. Although two-dose measles 
vaccines is recommended in the Netherlands, vac¬ 
cine is not required for school attendance. The Neth¬ 
erlands has a large sub-population that refrains 
from vaccination on religious grounds. For this rea¬ 
son, measles epidemics occur in the Netherlands 
every 5 to 7 years. 15 

Pathogenesis and Clinical Findings 

Measles is characterized by a prodromal fever, 
conjunctivitis, coryza, cough, and Koplik spots on 
the buccal mucosa. 10 A characteristic red, blotchy 
rash appears on the third to seventh day following 
exposure, beginning on the face, becoming gener¬ 
alized, lasting 4 to 7 days and sometimes ending in 
brawny desquamation. 1 Leukopenia is common. 
The incubation period from exposure to onset of 
fever is about 10 days, varying from 7 to 18 days; 
usually it is 14 days until the rash appears. Cases 
are infectious from the beginning of the prodromal 
period to 4 days after the appearance of the rash. 
The disease is more severe in infants and adults. 
Complications result from viral replication and bac¬ 
terial superinfection and include otitis media, pneu¬ 
monia, laryngotracheobronchitis (croup), diarrhea, 
and encephalitis. Subacute sclerosing panencephalitis 
develops very rarely (about 1 in 100,000 cases) sev¬ 
eral years after infection; over 50% of these cases 
have had measles diagnosed in the first 2 years of 
life. 10 Infection in pregnancy is not related to con¬ 
genital malformations but has been associated with 
an increase in spontaneous abortions. The clinical 
course can be prolonged, severe, and fatal in the 
immunocompromised. The Immunization Practices 
Advisory Council's current recommendations in¬ 
clude the immunization of those with human im¬ 
munodeficiency virus to preclude the development 
of severe or potentially fatal naturally acquired 
measles. 16 In children who are borderline nourished, 
measles often precipitates acute kwashiorkor and 
exacerbates vitamin A deficiency, leading to blind- 
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ness. In malnourished children, measles may be 
associated with hemorrhagic rash, protein-losing 
enteropathy, otitis media, oral sores, dehydration, 
diarrhea, blindness, and severe skin infections. 10 
Children with clinical or subclinical vitamin A de¬ 
ficiency are at particularly high risk. 

Diagnostic Approaches 

Compared with other exanthematous diseases, 
measles infections can be diagnosed clinically with 
relative accuracy. A case definition of rash, cough, 
and fever present at the onset of rash was demon¬ 
strated to have a sensitivity of 92% and a specific¬ 
ity of 57%. 17 Koplik spots are pathognomonic for 
measles, and a diagnosis of measles should not be 
made if cough is absent. 18 The differential diagno¬ 
sis includes exanthem subitum (roseola infantum), 
in which the rash appears as the fever subsides; 
rubella; and enteroviral infections, which have less 
striking rashes and generally milder illness. Rick¬ 
ettsial infections may have cough, but headache is 
more prominent. Meningococcemia may have a 
similar rash but no cough or conjunctivitis. Scarlet 
fever has a rash that is confluent, textured, and most 
marked on the abdomen. Serological confirmation 
includes complement fixation, neutralization, and 
hemagglutination inhibition assays. 1 Enzyme- 
linked immunosorbent assays for measles IgG and 
IgM are widely available and convenient. Classic 
confirmation involves an increase in antibodies be¬ 
tween acute and convalescent specimens. The use 
of IgM antibody assays allows for the diagnosis 
from the analysis of a single acute sample, if it is 
taken at least 2 days after the onset of rash. 

Recommendations for Therapy and Control 

Therapy is supportive. There is no specific treatment. 

In the prevaccine era, approximately one birth 
cohort of 4 million persons was infected annually. 
In 1985 dollars, the estimated cost of these infec¬ 
tions was $670 milllion. 19 The low number of cases 
of measles and shift in age distribution in the United 
States highlight the effectiveness and improved 
implementation of the Advisory Council's recom¬ 
mendations to provide the first dose of measles- 
mumps-rubella vaccine (MMR) at 12 to 15 months 
of age, with a second dose to address primary vac¬ 
cine failure at either 4 to 6 or 11 to 12 years of age. 16 
During outbreaks, observed attack rates in those 
who had received measles vaccine 15 years or more 
before reexposure have been approximately 5% or 
less. 1 During 1994 and 1995, coverage with measles 


vaccine was 89% among children aged 19 to 35 
months, and an estimated 33% to 50% of school- 
aged children had received a second dose of MMR. 
Additionally, some states have mandated a premati- 
culation immunization requirement at colleges. 20 

As school requirements for second doses of MMR 
become the rule, the actual need for measles-rubella 
vaccine administration to recruits should diminish. 
As long as verification of vaccine status of recruits 
remains incomplete, however, it is a prudent prac¬ 
tice. A second dose of MMR is recommended for 
health care workers and travelers. Furthermore, 
anyone vaccinated with a killed vaccine or a killed 
vaccine followed by a live vaccine within a 3-month 
period and anyone vaccinated between 1963 and 
1967 with a vaccine of unknown type should be re¬ 
vaccinated. 1 Killed vaccine produced a short-lived 
immunity that was often associated with subse¬ 
quent atypical measles—a milder but more pro¬ 
longed illness. 

About 5% to 15% of nonimmune vaccinees may 
develop malaise and fever up to 39.4°C within 5 to 
12 days postimmunization and lasting 1 to 2 days 
but causing little disability. 10 Rash, coryza, mild 
cough, and Koplik spots may occasionally occur. 
Febrile seizures occur infrequently and without se¬ 
quelae. Encephalitis and encephalopathy have been 
seen in approximately 1 to 3 cases per million doses 
distributed. The vaccine may be administered at the 
same time as other live vaccines and inactivated 
vaccines or toxoids. Contraindications include al¬ 
lergy to egg or neomycin, severe acute illness, and 
immunosuppression. Vaccination poses a theoreti¬ 
cal risk to pregnant females, and vaccinees should 
be advised of the risk of fetal wastage if they be¬ 
come pregnant within 1 month of receiving 
monovalent measles vaccine or 3 months after re¬ 
ceiving MMR. 

In the event of an outbreak, vaccine given within 
72 hours of exposure may provide protection. 9 If 
given after 72 hours, it may prolong the incubation 
period rather than prevent disease. Immune globu¬ 
lin may be given within 6 days of exposure for sus¬ 
ceptible household members or other contacts for 
whom the risk is very high (eg, contacts under 1 
year of age, pregnant women, immunocompromised 
persons) or for whom measles vaccine is contrain¬ 
dicated. 10 The dose is 0.25 mL/kg. For immuno¬ 
compromised persons, the dose is 0.5 mF/kg up to 
15 mL. Measles vaccine should be given 6 to 7 
months later if there is no contraindication. Trans¬ 
mission to susceptible contacts often occurs before 
the diagnosis of the original case has been estab¬ 
lished. Isolation precautions to prevent spread, es- 
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pecially in hospitals or institutions that care for 
children, should be maintained from the seventh 
day after exposure until about 5 days after the rash 
has appeared. If vaccine is available, prompt use at 
the beginning of an epidemic is essential to limit 
spread; if vaccine supply is limited, priority should 
be given to young children for whom the risk is 
greatest. During community outbreaks, monovalent 
measles vaccine may be administered to 6- to 11- 
month olds. 

Eradication of measles has been considered a fit¬ 
ting end to a disease confused with smallpox until 
1629. Both diseases are dependent on humans for 
their propagation, need large human populations 
to sustain them, and elicit life-long immunity; nei¬ 
ther leads to a chronic infectious state. 21 Measles 
vaccine has been used to reduce the incidence of 


Introduction and Military Relevance 

Rubella (or German measles) is a viral exantham 
that was recognized in the late 18th century but 
largely ignored until 1941, when it received dreaded 
notoriety because association had been made be¬ 
tween it and congenital malformations. 23 The name 
German measles was popularized because German 
physicians distinguished it from measles, and the 
name rubella (little red) was given to it following 
an outbreak in India in 1841. Rubella is a mild febrile 
illness characterized by adenopathy of the head and 
neck, followed approximately a week later by a 
diffuse, punctate rash 10p435 “ 440 ; it is often indistin¬ 
guishable from other mild viral exanthems. In 
unimmunized populations, it is largely a disease of 
children, who are often asymptomatic; the population 
of most concern is susceptible females of childbear¬ 
ing age. In 1941, an Australian ophthalmologist as¬ 
tutely observed an association between congenital 
cataracts and maternal rubella. 24 Rubella virus is 
now known to be a powerful teratogen when ill¬ 
ness occurs during the first trimester of pregnancy, 
and congenital rubella syndrome (CRS) is distin¬ 
guished by the classic triad of congenital cataract, 
heart defects, and deafness. 25 Other malformations 
may be seen as well. CRS patients, in addition to 
cataracts, congenital heart defects, and deafness, 
may also manifest encephalitis, microcephaly, 
mental retardation, autism, blindness, hepatosple- 
nomegaly, and diabetes. 26 These cases of serious 
congenital disease provided the impetus to vaccine 
development and licensure. 

Although rubella control aims primarily to pre¬ 
vent CRS, rubella outbreaks can disrupt military 


the disease in the United States, Canada, Cuba, and 
some European countries. Elimination plans have 
been proposed many times, but the disease has not 
yet been eliminated from any large country. 11 The 
ineffectiveness of the vaccine for newborns and the 
high degree of contagion of the infection are the 
principal barriers to eradication of measles. The 
addition of "catch-up" campaigns to target all chil¬ 
dren aged 9 months to 14 years has recently been 
practiced in the Americas to increase coverage and, 
it was hoped, lead to elimination of measles by the 
year 2000. 7 During a 1996 meeting on global measles 
eradication, it was concluded that worldwide 
measles eradication is feasible using currently avail¬ 
able vaccines and should be achievable worldwide 
within the next 10 to 15 years. 22 

[Coleen Weese] 


operations. In adulthood, rubella cases often oc¬ 
cur in susceptible populations living in crowded 
quarters, such as university students and military 
personnel. Such cases represent a large proportion of 
the disease seen in the postvaccine era. 12p5 ° Sero- 
surveys conducted among US Army recruits in 1989 
demonstrated that only 85.2% had detectable ru¬ 
bella antibody. 14 Younger recruits were more 
likely to be seronegative, representing a cohort that 
may have missed both immunization and naturally 
acquired illness due to declining rates. Even with 
declining rates of rubella in the United States, how¬ 
ever, susceptible recruits face risk from contact with 
multinational forces from countries whose immu¬ 
nization policies differ from the United States. In 
1995, 120 German paratroopers arrived at Fort 
Bragg, North Carolina, to participate in a joint ex¬ 
ercise. 27 German rubella policy immunizes only 
women of childbearing age. Several of the male 
paratroopers were incubating rubella when they 
arrived in the United States. Two days before the 
exercise, three succumbed to an illness consistent 
with rubella, and the entire German contingent was 
quarantined. Those without symptoms were given 
2.0 mL of immune serum globulin to prevent fur¬ 
ther cases. Rubella IgM and IgG titers drawn on the 
contingent revealed that 10 of the 120 were 
nonimmune. Six of these became ill with rubella. 
Apart from the logistics of dealing with this out¬ 
break, preventive medicine officials were faced with 
assessing the impact to the American troops and 
the wives and children who had contact with the 
German paratroopers. Recommendations to pro¬ 
vide a second dose of rubella vaccine to school-age 
children (whether they are in kindergarten, 6th 
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grade, or high school) or adolescents, as well as the 
continued policy of providing measles and rubella 
vaccine to recruits, should reduce the risk to US citi¬ 
zens from imported rubella. 16 

Description of the Pathogen 

The causative agent of rubella is a virus in the 
genus Rubivirus in the family Togaviridae. The virus 
is a cubical, medium-sized (70 mm), lipid-envel¬ 
oped virus with an RNA genome. 25 Humans are the 
only reservoir. 10 

Epidemiology 

Transmission 

Infection of susceptible humans follows contact 
with the nasopharyngeal secretions of infected people. 
Although other togaviruses are arthropod-borne, 
there is no evidence that rubella can be transmitted 
that way. 23 Rubella is prevalent in the winter and 
spring. Although most childhood infections are as¬ 
ymptomatic and go largely unrecognized, infection 
tends to occur at young ages in countries with 
crowded living conditions or widespread daycare 
use. Age at infection roughly correlates with age when 
congregation of susceptibles occurs. Serologic surveys 
indicate that most Africans are immune by their 
10th birthday. 28 In unimmunized countries where 
crowding is not prevalent, infection may occur dur¬ 
ing the school years or while at colleges or military 
camps. The introduction of rubella vaccination of 
recruits at Lackland Air Force base in 1979 resulted 
in a 95% reduction in rubella cases. 29 Even in highly 
immunized populations, however, outbreaks may 
occur in such settings because of either incomplete 
coverage or vaccine failure. 30 While rubella is not as 
infectious as measles, in a closed environment such 
as a recruit population, all susceptibles may be in¬ 
fected. Herd immunity was shown to be ineffective 
when rubella broke out in a company of military 
recruits. Most had antibodies due to vaccination or 
prior infection at the start of the epidemic, but 100% 
of those susceptible were infected. 31,32 Clinical rubella 
and subsequent CRS has been documented during 
reinfection of vaccinees and naturally immune in¬ 
dividuals, although it is a rare event. 33-35 Infants 
with CRS may shed virus for months after birth. 10 

Geographic Distribution 

Rubella occurs worldwide at endemic levels, ex¬ 
cept in remote or island populations where epidem¬ 
ics occur every 10 to 15 years. This contrasts with 


the US interval of 6 to 9 years between major epi¬ 
demics noted in the prevaccine era. 23 

Incidence 

The medical and socioeconomic importance of 
rubella lies in its ability to produce anomalies in 
the developing fetus. CRS occurs in up to 90% of 
infants born to women who acquired confirmed 
rubella during the first trimester of pregnancy; the 
risk of a single congenital defect falls to approxi¬ 
mately 10% to 20% when infection is acquired in 
the 16th week, and defects are rare when the ma¬ 
ternal infection occurs after the 20th week of gesta¬ 
tion. 10 In susceptible populations, rates of CRS as 
high as 1% of pregnancies have been documented. 36 
The last major epidemic of CRS occurred in the 
United States in 1964 and 1965. 3/ During this epi¬ 
demic, it was estimated that there were 12.5 mil¬ 
lion cases of rubella, many in pregnant women. Five 
thousand therapeutic abortions were performed, 
6,250 spontaneous abortions occurred, and an ad¬ 
ditional 2,100 babies were stillborn. CRS occurred 
in 20,000 infants. Of those, 11,600 were born deaf, 
3,580 blind, and 1,800 mentally retarded. The cost 
of this epidemic has been estimated at $1.5 billion. 36 
Since the licensure of the vaccine in 1969, no major 
epidemic has occurred in the United States. The 
incidence of rubella dropped to less than 1 per 
100,000 while the incidence of congenital rubella 
syndrome has fallen to less than 0.1 per 100,000 
births. Rubella incidence increased five to six times 
from 1990 to 1991, primarily in teenagers and young 
adults, but then returned to previous levels. Just less 
than half of the cases of known age were in indi¬ 
viduals aged 15 and older. 12 

Pathogenesis and Clinical Findings 

Rubella enters the nasopharynx, where it repli¬ 
cates and spreads to the local lymph nodes. Secretory 
IgA induced by prior disease or vaccination can 
block mucosal replication. 25 The incubation period 
for rubella is 14 to 21 days; rash typically occurs 2 
weeks following exposure. 22,25 Cases are infectious 
1 week before and up to 4 days after onset of the 
rash. During the second week, viremia occurs in the 
blood and can be blocked by passively or actively 
acquired antibody. 25 At this time, low-grade fever, 
malaise, and mild conjunctivitis may be present. At 
the end of the incubation period, a maculopapular 
erythemetous rash appears on the face and neck and 
spreads downward, fading over the next 3 days. 
Viremia ends with the onset of the rash. Arthralgia 
and arthritis are commonly observed in adults, and 
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chronic arthritis has been reported. For unclear rea¬ 
sons, these complications are more common in 

qs 39 

women. ' 

Diagnostic Approaches 

Field diagnosis of rubella is difficult and often 
inaccurate. Rash is not present in up to 50% of infec¬ 
tions, and the other symptoms are relatively nonspe¬ 
cific. 27 The illness must be distinguished from measles, 
scarlet fever, mononucleosis, and other infectious ex¬ 
anthems and drug eruptions. Additionally, 10% to 85% 
of infections in various outbreaks have been inappar- 
ent. 26 Serologic confirmation of suspected cases should 
be sought, particularly in females of childbearing age. 
Such confirmation may be made by observing a 4-fold 
rise in titer between acute (within 7 to 10 days) and 
convalescent (2 to 3 weeks later) specimens via en¬ 
zyme-linked immunosorbent assay, hemagglutinen 
inhibition, passive hemagglutination, or latex agglu¬ 
tination. 25 Rubella-specific IgM is quite reliable and 
obviates the need for multiple serum samples. Virus 
isolation is difficult and usually unnecessary. 

Recommendations for Therapy and Control 

Therapy is supportive; no definitive treatment exists. 

As the goal of rubella control is the prevention 
of CRS, some countries have elected to immunize 
all adolescent girls without prescreening immune 
status. However, refusal rates of up to 15% in Brit¬ 
ish women of childbearing years have been seen 
because of the concerns over the theoretical risk to 
the fetus. 40 It is a live virus vaccine, but no attribut¬ 
able increase in congenital defects in the offspring 
of 200 women immunized while pregnant was 
seen. 41 Reasonable precautions in a rubella immu¬ 
nization program include asking women of child¬ 
bearing age if they may be pregnant and excluding 
those who may be, with the recommendation that 
those who receive vaccine not become pregnant for 
3 months. Immune globulin has been used in an 
attempt to prevent CRS in exposed pregnant fe¬ 
males; if any protection is incurred, however, it is 
incomplete at best. 42,43 The single indication for its 
use is a documented susceptible pregnant female 


Introduction and Military Relevance 

Mumps is an acute communicable disease of chil¬ 
dren and young adults caused by a single strain of 
a paramyxovirus. The name may be related to an 
old English verb that means to grimace, grin, or 


who is exposed to the disease and would not con¬ 
sider abortion under any circumstances. The dose 
is 20 mL, given intramuscularly. Vaccine should not 
be given to anyone with an immunodeficiency or 
on immunosuppressive therapy, but measles- 
mumps-rubella vaccine (MMR) is recommended for 
persons with asymptomatic human immunodefi¬ 
ciency virus (HIV) infection and should be consid¬ 
ered for those with symptomatic HIV infection. 10 
All US military services recommend rubella immu¬ 
nization be given to recruits at accession. 44 The 
Department of Defense used to require screening of 
female recruits for susceptibility and pregnancy be¬ 
fore vaccination. Susceptibility was included because 
of concerns about increased arthralgias and chronic 
rubella syndrome following vaccination in females. 
A 1991 Institute of Medicine report found evidence 
suggesting a causal association between rubella im¬ 
munization and both chronic and acute arthritis. 45 The 
current regulation requires asking women about the 
possibility of pregnancy and deferring vaccine in those 
who are pregnant or who are unsure. 43 

The US strategy has been to immunize infants at 
15 months and depend on herd immunity to pro¬ 
tect pregnant women; postpartum vaccination is 
also advocated. However, rubella cases continued 
to occur in women of childbearing years. In 1989, 
the Advisory Council on Immunization Practices 
recommended a second dose of MMR be given to 
school-aged children or adolescents. 16 Until this 
regimen is fully implemented in successive cohorts, 
measles-rubella vaccination of recruits is prudent 
to prevent female service members and dependents 
from exposure and to prevent the disruption in 
training a rubella outbreak may cause. Other coun¬ 
tries differ in age and sex targeted for immuniza¬ 
tion, so susceptible US service members could be 
exposed during multinational operations. 

Mass immunization may be justified in an out¬ 
break in a school or comparable population. 10 Dur¬ 
ing an outbreak, isolation of cases to avoid contact 
with nonimmune pregnant women is advised; it is 
also recommended that contacts who may be preg¬ 
nant should be tested serologically for susceptibil¬ 
ity or early infection and advised accordingly. 

[Coleen Weese] 


mumble. 46 Mumps is a common cause of meningoen¬ 
cephalitis; other common manifestations and compli¬ 
cations include orchitis, pancreatitis, mastitis, and 
oophoritis. Before widespread vaccination against 
mumps, the disease was associated with armies dur¬ 
ing times of mobilization. During World War I, mumps 
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was an important cause of days lost from active duty 
in the US Army. Average number of days lost from 
duty was 18, and hospitalization occurred at a rate of 
55.8/1,000 recruits. 47 In 1940, the Surgeon General of 
the US Army stated that next to the venereal diseases, 
mumps was the most disabling of the acute infections 
among recruits. 48 During the prevaccine era, outbreaks 
were more common among recruits from rural areas, 
who generally had not been previously exposed. Fol¬ 
lowing the widespread use of vaccine, mumps cases 
continued to occur frequently among Soviet recruits, 
and an outbreak occurred among US Army troops in 
1986. 49 But increased awareness that has led to in¬ 
creased coverage of infants with the primary series, 
as well as recent recommendations to require a sec¬ 
ond dose of the measles-mumps-rubella vaccine 
(MMR) for adolescents or younger school-aged chil¬ 
dren, should reduce cases in these populations and 
the spread of disease to military populations. 44,50 

Description of the Pathogen 

Mumps is caused by the mumps virus, a mem¬ 
ber of the family Paramyxoviridae and the genus 
Paramyxovirus ; it is antigenically related to the 
parainfluenza viruses. 48 It is an enveloped, nega¬ 
tive-strand RNA virus that contains six major struc¬ 
tural proteins. 

Epidemiology 

Transmission 

Mumps is acquired by the respiratory route, and 
the infection is frequently accompanied by viremia, 
which commonly leads to organ involvement, par¬ 
ticularly of the salivary glands. It is transmitted by 
droplet spread and direct contact with the saliva of 
an infected person. The incubation period is roughly 
18 days, with a range of 12 to 25 days. 10p353 “ 355 Virus 
is secreted in saliva beginning 7 days before paroti¬ 
tis until 9 days after it began. Exposed individuals 
should be considered infectious from the 12th to the 
25th day following exposure, with maximum infec- 
tivity occurring 48 hours before the onset of illness. 
Humans are the only reservoir. 

Geographic Distribution 

With the exception of very isolated island groups 
and remote villages, mumps occurs throughout the 
world. It is endemic within urban populations but 
of somewhat irregular incidence. 51 Mumps shows 
slight seasonality in temperate zones, with an in¬ 
crease in winter and spring. 


Incidence 

Before widespread vaccine use, mumps most com¬ 
monly afflicted school-aged children, with the high¬ 
est incidence reported in children 5 to 9 years of age. 46 
During World War I, cases occurred predominately 
among men from rural areas. 47 In the prevaccine era, 
serosurveys of US Army recruits demonstrate a 47% 
to 76% seropositivity rate. 52,53 During World War II, 
reported rates were only 6.9/1,000 per year, and cases 
were largely among personnel from rural areas. 8 An 
outbreak of mumps occurred in 1943 at Camp McCoy, 
Wisconsin, and spread slowly. It ultimately involved 
1,378 cases occurring over 30 weeks, and the highest 
attack rate for a single company in any given week 
was 2.5%. The post was divided into two roughly 
equal groups. The attack rate in one group was 74.4/ 
1,000 per year, whereas in the second group it was 
only 15.4/1,000 per year, despite the fact that both 
groups had ample time to mingle at clubs, theaters, 
and other sites. The divergence in rate was partially 
attributed to the geographical makeup of the two co¬ 
horts. 54 

After the licensure of mumps vaccine in the 
United States in 1967 and the subsequent introduc¬ 
tion of state immunization laws, the reported inci¬ 
dence of mumps decreased substantially. Cases 
dropped 98%, from the 1968 levels of approximately 
100/100,000 to an all-time low of 1.2/100,000 in 
1985. 50 A number of European countries initiated 
MMR vaccination programs in the 1970s and 
1980s. 46 Cuba has nearly eliminated mumps since 
it began vaccinating preschool-aged children in 1988 
and achieved coverage levels above 95%. 55 Policies for 
providing routine vaccination of young children rec¬ 
ommended by the Immunization Practices Advisory 
Committee of the Public Health Service in 1977, tar¬ 
geting older populations at risk, and enacting school 
immunization laws have contributed to the decrease 
in mumps incidence in the United States. From 1988 
to 1993, the incidence of mumps decreased further 
after the number of states with immunization laws 
increased and the two-dose vaccination schedule for 
measles using MMR was initiated. However, there 
was a relative resurgence of mumps in 1986 and 1987, 
with almost 20,000 cases reported during the 2-year 
period. From 1988 to 1993, most cases occurred in 
children 5 to 14 years of age (52%) and in persons older 
than 15 years of age (36%). 50 This trend reflected 
underimmunization of the cohort born from 1967 
through 1977, a period when vaccine was not ad¬ 
ministered routinely to children and the risk for 
exposure to mumps was decreasing. 

A serosurvey of US Army recruits in 1989 found 
an overall seropositivity rate to mumps of 86.4%, 
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with variation among recruits from urban, subur¬ 
ban, and rural backgrounds. 14 Persons from the 
western United States were more likely to be se¬ 
ronegative than others. Black, non-Hispanic recruits 
were more likely to be seropositive than other recruits. 

The 1,692 cases of mumps reported for 1993 repre¬ 
sents the lowest number of cases ever reported and a 
99% decrease from 1968. 50 Although the incidence 
decreased in all age groups, the largest decrease (a 
greater than 50% reduction in incidence per 100,000 
population) occurred in persons older than 10 years 
of age. Overall, the incidence of mumps was lowest 
in states that had comprehensive school immuniza¬ 
tion requirements and highest in states that did not. 

Pathogenesis and Clinical Findings 

Mumps virus is acquired through the respiratory 
tract with local replication there and in regional 
lymph nodes. Following an incubation period of 16 
to 18 days, viremia occurs. At this stage, mumps 
most commonly presents as acute parotitis, which 
manifests itself as a unilateral or, more commonly, 
bilateral swelling of the parotid glands. 51 It may be 
preceded by several days of fever, headache, mal¬ 
aise, anorexia, and myalgia. Fever lasts from 1 to 6 
days; parotid gland enlargement may last longer 
than 10 days. Mumps may be understood as a res¬ 
piratory infection that is frequently accompanied 
by viremia, which commonly leads to organ in¬ 
volvement, particularly of the salivary glands. 46 Fif¬ 
teen to twenty percent of mumps infections produce 
no symptoms (typically, these cases are adults), 30% 
to 40% of cases present with the typical parotitis 
(typically school-aged children), and up to 50% 
present as a respiratory infection (typically children 
under 5 years of age). 56,57 Serious complications may 
occur without evidence of parotitis, and some are 
more common in adults than children. Orchitis may 
occur in up to 20% to 30% of men who develop 
mumps. 58 Although testicular involvement can be 
bilateral in up to 30% of cases, sterility is thought 
to occur only rarely. 59 An increased risk of testicular 
cancer has been reported following mumps orchi¬ 
tis. 60 This is thought to be secondary to testicular 
atrophy following orchitis, as the mumps virus is 
not known to be oncogenic or transforming. Pan¬ 
creatitis, usually mild, occurs in 4% of cases; an as¬ 
sociation with subsequent diabetes mellitus remains 
unproven. 61 Another concern is encephalitis, which 
is clinically indistinguishable from aseptic menin¬ 
gitis and occurs in 4% to 6% of cases. 56 Permanent 
sensorineural deafness may occur among children 
in about 1 in 15,000 cases. 62 Mastitis and oophoritis 
may occur in about 30% of women with mumps. 


An increase in fetal death has been reported among 
women with mumps in the first trimester of preg¬ 
nancy, although no increase in fetal abnormalities has 
been demonstrated. 63 Arthropathy, arthralgias, and ar¬ 
thritis, occasionally chronic, have been reported, more 
commonly in adults. 64 Nephritis, common but clini¬ 
cally insignificant, and myocarditis, rare but occasion¬ 
ally catastrophic, are other manifestations. 46 

Diagnostic Approaches 

The diagnosis of mumps is usually made clinically, 
based on the presence of parotitis. Other viral in¬ 
fections, such as coxsackie virus A and lymphocytic 
choriomeningitis infections, can cause parotitis, and 
the differential diagnosis also includes suppurative 
parotitis, recurrent parotitis, salivary calculus, lym- 
phadenopathy, and lymphosarcoma. One third of 
sporadic cases seen by family practitioners in 
Canada could not be confirmed serologically as 
mumps. 61 Virus may be readily isolated from swabs 
of the opening of the Stenson duct or from saliva, 
urine, or cerebrospinal fluid during the first 5 days 
of illness. 46 Historically, serological assays, includ¬ 
ing complement fixation, neutralization, and he¬ 
magglutination inhibition, have been employed to 
diagnose mumps. 65 Currently, enzyme-linked 
immunosorbent assays for mumps IgG and IgM are 
widely available, and they are more sensitive and 
specific than previous tests. The use of IgM anti¬ 
body assays allows for the diagnosis of mumps from 
the analysis of a single acute sample; cross reactions 
with other paramyxoviruses do not occur. 

Recommendations for Therapy and Control 

There is no specific treatment for mumps, and 
use of immune globulin in exposed susceptibles is 
not recommended. 46 

Incidence rates for mumps in the United States 
have declined substantially since the licensure and 
widespread use of mumps vaccine. 50 Mathematical 
models of the impact of mass vaccination on the 
incidence of mumps predict that 85% to 90% cover¬ 
age of children by the age of 2 years would be required 
to eliminate mumps from the United States or West¬ 
ern Europe. 46 However, cases continue to occur due 
to failure to vaccinate and vaccine failure. 66 

The mumps vaccine efficacy in clinical trials 
ranges from 75% to 91%. 46 The vaccine may be ad¬ 
ministered singly, as part of MMR, or with addi¬ 
tional vaccines without impairment of antibody 
response or increase in side effects. Adverse reac¬ 
tions to the vaccine have been infrequently reported 
and consist most frequently of fever and parotitis. 
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Transient rash, pruritis, and purpura have also been 
reported. The population most at risk for compli¬ 
cations of the disease is adolescents and adults, so 
immunization of susceptibles before the onset of 
adolescence is important. 

US Army and Air Force recruits are given measles 
and rubella boosters upon entry to active duty, but 
mumps vaccine is recommended only for high-risk 
occupational groups (eg, medical care providers). 
The US Navy and Marine Corps routinely immu¬ 
nize all recruits against mumps. But outbreaks have 
occurred among highly vaccinated populations. 
Risk to susceptible military personnel would be 
expected to be higher during deployment to areas 
with lower vaccine coverage and when they have 
close contact with endemic populations. An out¬ 
break occurred among US Army troops stationed 
in South Korea in 1986. 48 During 1989 and 1990, a 


large outbreak occurred among students in a pri¬ 
mary school and a secondary school. 67 Most of the 
troops and the students had been vaccinated, sug¬ 
gesting that vaccine failure, as well as the failure to 
vaccinate, might have contributed to the outbreaks. 

The decline in cases of mumps in recent years has 
made routine immunization of recruits not cost effec¬ 
tive. The cohort most at risk is the nonimmune group 
that missed both naturally occurring mumps and 
immunization in the 1970s; this group is less likely to 
be problematic for the military as time passes. Addi¬ 
tionally, the Immunization Practices Advisory 
Committee's two-dose recommendation should even¬ 
tually reach successive cohorts, further reducing the 
risk. Mumps continues to pose a small risk to mili¬ 
tary populations, but this risk is expected to decrease 
substantially in the future with continued attention 
to immunization of children and adolescents. 68 

[Coleen Weese] 


VARICELLA 


Introduction and Military Relevance 

Varicella is the primary infection caused by va¬ 
ricella-zoster virus. Humans are the only natural 
host. 10p92_97,69 The virus is worldwide in distribution; 
4 million cases of varicella, or chickenpox, occur 
each year in the United States. 70 Approximately 
9,000 cases result in hospitalization, and as many 
as 100 deaths have been attributed to chickenpox 
each year. 70,71 Military environments, with their 
shared living quarters and close physical contact, 
facilitate transmission of the virus among suscep¬ 
tible individuals by the aerosol route (Figure 39-1). 
The disease thus affects training time and readiness; 
often infected recruits are hospitalized just to re¬ 
move them from the crowded barracks during their 
illness. The licensed vaccine and antiviral agents for 
treatment provide new intervention strategies to 
reduce the impact of chickenpox on the military. 

Description of the Pathogen 

Varicella is caused by varicella-zoster virus, a 
DNA virus also known as human herpesvirus 3. The 
virus is a member of the Herpesvirus group. 

Epidemiology 

Transmission 

This generally benign disease of childhood is 
easily recognized because of its characteristic rash 
and is extremely contagious. Chickenpox is among 
the most highly communicable diseases in humans. 



Fig. 39-1. Varicella infection in this new augmentee sol¬ 
dier to the 3d Armored Cavalry Regiment during Op¬ 
eration Desert Storm required him to be kept in an isola¬ 
tion tent and transported by ambulance until he was no 
longer infectious. 

Photograph: Courtesy of Colonel Glenn Wasserman, 
Medical Corps, US Army. 


with secondary attack rates from 70% to 90% in sus¬ 
ceptible individuals. 10,72 Initial infection is usually 
symptomatic. Immunity lasts for life, but reactiva- 
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tion as herpes zoster can occur. Most civilian cases 
occur in children younger than 10 years of age. 69,72 
Chickenpox is usually acquired by person-to-per- 
son contact via respiratory secretions, airborne 
spread, direct contact with zoster lesions, or freshly 
contaminated fomites. The lesions are infective un¬ 
til scabs have formed. The virus can also be trans¬ 
mitted in utero. Cases are most infectious 24 to 48 
hours before the appearance of the rash and remain 
contagious for up to 5 days after the first vesicles 
appear. The average incubation period is 14 to 16 
days but ranges from 10 to 20 days. Immuno-com- 
promised patients may have a shorter incubation 
period and may remain communicable for longer 
than usual. The incubation period may be pro¬ 
longed in those patients who received varicella- 
zoster immune globulin (VZIG). 

Geographic Distribution 

Chickenpox occurs in cycles of seasonal epidem¬ 
ics peaking in the winter and early spring in tem¬ 
perate zones but can occur worldwide. Infection is 
more common in adults in tropical climates than 
adults in temperate ones. 

Incidence 

In a sample of white, middle-class Americans, 100% 
were found to be immune by the age of 15, but in 810 
young adults entering the US military from Puerto 
Rico, only 42% were seropositive. 73 The explanation 
for the later age of infection in tropical climates, such 
as Puerto Rico, the Philippines, and some Caribbean 
islands, is unclear but may include different popula¬ 
tion dynamics, climate, the relative heat-lability of the 
virus, or local protective environmental factors. 72,74 

Susceptibility to the virus among certain popu¬ 
lations has been determined using the tools of mo¬ 
lecular biology. National seronegativity rates in 
young adults in the United States have been esti¬ 
mated to be 6.7% from a large study of military re¬ 
cruits; the seronegativity rate for varicella in recruits 
was 8.2% by a commercial enzyme immunoassay. 75 
Some protective cellular immunity may be present 
in persons with negative titers by enzyme immu¬ 
noassay. 71 Nonwhite recruits and recruits from is¬ 
land nations or territories were more likely to be 
seronegative for varicella antibody. 75 

There was a substantial increase in the number 
of military hospitalizations for chickenpox from 
1980 to 1988, but data from 1989 to 1995 show hos¬ 
pitalization rates have been declining. 74,76,77 In a re¬ 
view of military chickenpox admissions in the 
1980s, 74 it was found that most of the persons hos¬ 


pitalized were new to the service. These younger 
service members were also more likely to be hospi¬ 
talized than older personnel because otherwise they 
would be sent back to their barracks to recover. Sol¬ 
diers with a home of record of the Caribbean is¬ 
lands, the Philippines, or Puerto Rico were at much 
increased odds of being hospitalized for varicella. 
An investigation done in the mid-1990s also found 
that those with foreign homes of record, who were 
junior in rank, and who were new to the service 
were at highest risk for hospitalization. 77 

The most common causes of death in children 
with chickenpox are septic complications and en¬ 
cephalitis, with the disease having a case fatality 
rate of 2 in 100,000. 10 The mortality for those 15 to 
19 years old remains low at 1.3/100,000. 78 The case 
fatality rate in adults older than 20 years of age 
approaches 30/100,000, with death usually caused 
by varicella pneumonia. 10,78 Neonates, adults over 
the age of 20, the immunocompromised, persons 
with chronic cutaneous or pulmonary disorders, 
and those taking salicylates have a higher morbid¬ 
ity and mortality than children. 

In the United States, chickenpox cases are selec¬ 
tively reportable and can be reported in groups 
instead of as individual cases. Significant underre¬ 
porting is thought to occur. Notification of regional 
jurisdictions by local health departments can take 
as long as 1 year. 10 In the US Army, adult cases of 
varicella should be reported to the Army Medical 
Surveillance Activity for publication in the Medical 
Surveillance Monthly Report, published by the United 
States Army Center for Health Promotion and Pre¬ 
ventive Medicine. 

Pathogenesis and Clinical Findings 

After varicella enters the body, the virus replicates 
in the oropharynx. The virus then invades local 
lymph nodes, blood, and viscera. After the 2- to 3- 
week incubation period, there is a secondary viremia 
and a vesicular rash that is pruritic and general¬ 
ized. A single vesicular lesion scabs after 3 to 4 days 
as a result of host defense mechanisms. 10,79 The le¬ 
sions tend to be of different ages, with all being 
scabbed usually by the sixth day. They are more 
likely to be located on covered areas of skin and in 
areas that are irritated. Mild fever and systemic 
symptoms can occur. 

Complications include bacterial superinfection of 
the skin lesions, thrombocytopenia, arthritis, hepa¬ 
titis, dehydration, encephalitis or meningitis, pneu¬ 
monia, glomerulonephritis, and Reye syndrome. 69,72 
Adults have an increased risk for complications of 
pneumonitis or encephalitis. In the immunocom- 
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promised, the course of illness can be complicated 
by continuing eruption of the rash, encephalitis, 
pancreatitis, hepatitis, and pneumonia. 69 The virus 
survives after the initial infection in a latent form 
in the dorsal root ganglia and can reactivate as 
shingles, typically years later under conditions of 
stress, trauma, malignancy, or immunosuppres¬ 
sion. 72,79 Shingles is characterized by a unilateral 
vesicular eruption with a dermatomal distribu¬ 
tion. 72 In fatal cases of varicella, intranuclear inclu¬ 
sions of the virus have been found in blood vessel 
endothelium and almost all organs of the body. In 
cases of encephalitis, perivenous demyelination in 
the brain has been described, as well as necrosis of 
nerve cells and meningitis. 28p801 “ 803 

Congenitally acquired chickenpox is an uncom¬ 
mon syndrome consisting of skin scarring, muscle 
atrophy, extremity hypoplasia, low birth weight, 
and neurologic abnormalities. Infection of the 
mother in the first 16 weeks of gestation results in an 
estimated 2% incidence of fetal malformations. 10,72 
While infection during pregnancy rarely leads to 
fetal death, deaths in utero can be from direct in¬ 
fection of the fetus with the virus or from fever and 
other maternal metabolic changes. Infection later 


in pregnancy results in fetal acquisition of protec¬ 
tive maternal antibodies. However, maternal infec¬ 
tion in the last 5 days of pregnancy can result in 
neonatal varicella, which is associated with a 30% 
case fatality rate. 72 With the administration of VZIG 
to these infants, the case fatality rate is drastically 
reduced, and in one uncontrolled study, 79 there were 
no fatalities. It does not appear that the disease is 
more severe in pregnant women than in other adults 
in the absence of pneumonia, and it is unclear 
whether or not it is more severe if complicated by 
pneumonia. 

The clinical findings of varicella have some simi¬ 
larities to those of monkeypox and smallpox. The 
occurrence of monkeypox is increasing, and even 
though smallpox has been eradicated, it still exists 
as a potential biological warfare agent. Table 39-1 
points out the salient differences between varicella 
and smallpox. 

Diagnostic Approaches 

Clinical diagnosis is based on the characteristic 
rash of varicella or dermatomal lesions of zoster. 
Other diagnostic options are available if necessary 


TABLE 39-1 

CLINICAL FEATURES OF VARICELLA AND SMALLPOX 


Clinical 

Feature Varicella Smallpox 


Onset Progressive, moderate fever 

Rash Appears on 2nd d, with continuing fever (in 
children the rash is often the first sign) 

Begins on the trunk, where it will stay dense, 
but not on palms and soles 

Macules become rapidly papular and produce 
clear vesicles that form crusts without 
going through the pustular stage 

Successive crops appear during 4 to 5 d in the 
same area, which show lesions at different 
stages 


Sudden, high fever; intense malaise (as in meningitis) 
Appears on 3rd to 4th d, with transient fall of fever 

Begins on the face and extremities of the limbs, 
including palms and soles, where it will stay dense 
Macules require 4 to 6 d to transform into papules, 
vesicles, and pustules before producing scabs 

Single crop only: all lesions are at the same stage in a 
given area 


Vesicles Soft, superficial, "tear-drop," not umbilicated 


Hard, deep-seated, umbilicated; they transform into 
pustules with rise of fever and prostration 


Crusts Fall off rapidly, leaving temporary granular 
scabs 


Healing is slow and leaves permanent pockmarks 


Lethality Exceptional 


Case-fatality rate is 20% to 40% (Variola major) 


Reprinted courtesy of the World Health Organization from Bres P. Public Health Action in Emergencies Caused by Epidemics. Geneva: 
World Health Organization; 1986. 
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but are not required in routine cases. The virus can 
be isolated from the lesions during the first 3 to 4 
days. Visualizing multinucleated giant cells with 
intranuclear inclusions can be done using a method 
known as the Tzanck smear. These cells can also be 
visualized in herpes simplex lesions. 10,69 There are 
monoclonal antibodies available to diagnose the 
virus after immunofluorescent staining, this is a 
more accurate method than visualizing the giant 
cells. 10,14 Demonstration of viral DNA by poly¬ 
merase chain reaction is also possible. Testing of 
acute and convalescent sera for the virus antibody 
(IgG and IgM) can be done using one of many avail¬ 
able serologic tests, such the enzyme-linked 
immunosorbent assay (ELISA), but the tests may 
not be reliable in the immunocompromised. The 
commercial ELISA, which could be used to sero¬ 
logically screen populations before vaccination, has 
a reported sensitivity of 86.1% and specificity of 97.7%, 
as compared to the fluorescent antibody to membrane 
antigen assay (FAMA). The FAMA is a commonly 
used reference procedure that requires viral culture 
and considerable expertise to perform. 14,80 

Recommendations for Therapy and Control 

No treatment is recommended for uncomplicated 
chickenpox in healthy children. In immunocom¬ 
promised patients, treatment with intravenous 
acyclovir is preferred to vidarabine. Acyclovir is 
very effective in the immunocompromised if 
chickenpox is suspected; VZIG is not effective once 
disease is present. Oral acyclovir is recommended 
if the person is older than 12 years of age, has 
chronic cutaneous or pulmonary disorders, or is 
taking chronic salicylate therapy or steroids. 69 
Acylovir is available for use in children, but stud¬ 
ies have not clearly shown it has a significant effect 
on the rate of complications or absence from 
school. 70 It has been shown to be most beneficial if 
the drug is given within 24 hours of onset of the 
rash. 69,81 Because of the risk of Reye syndrome, sali¬ 
cylates should not be taken by individuals with 
varicella. 

In 1995, a live attenuated vaccine for varicella 
was licensed in the United States. The vaccine has 
been shown to be safe, immunogenic, and effica¬ 
cious. The most common side effects are pain and 
redness at the site of injection, rash, and fever. 82 
Children older than 1 year of age may receive the 
vaccine subcutaneously in a single dose of 0.5 mL. 
Adolescents older than the age of 13 years and 
adults should receive two doses (0.5 mL each), 1 to 
2 months apart. 10,83 The vaccine can be given simul¬ 
taneously with MMR (measles-mumps-rubella). 


DTP (diphtheria-tetanus-pertussis), OPV (oral po¬ 
lio virus), and Hemophilus influenzae vaccines. 70 
Postvaccine serology in healthy people is not nec¬ 
essary because the seroconversion rate is high. 82 The 
vaccine must be kept frozen. The vaccine should be 
reconstituted with diluent supplied with the vaccine 
and then discarded if not used within 30 minutes. 70 

The chickenpox vaccine protects very well (95%) 
against severe disease. Protection from infection 
and clinical disease is lower (70% to 80%). 71 Most 
breakthrough cases are mild. 82 Twenty-year follow-up 
studies of a similar vaccine in Japan show persis¬ 
tent immunity after vaccination, but it is difficult 
to assess whether that is purely from vaccine or is 
also from boosting due to exposure to circulating 
virus in the community. 71 Examination of infants 
and adolescents in the United States revealed that 
greater than 90% of subjects had measurable anti¬ 
body 5 years after vaccination. 82 Definitive duration 
of protection and the need for a booster is not yet 
defined. 

The vaccine should not be given to people who 
are allergic to gelatin or neomycin; who have un¬ 
treated tuberculosis, blood dyscrasias, leukemia, 
lymphoma, febrile illnesses, or most immunodefi¬ 
ciency conditions; or who are pregnant. 70,83 Al¬ 
though there are no reported cases of Reye syn¬ 
drome associated with the vaccine and concomitant 
aspirin use, it is recommended that salicylates not 
be taken for at least 6 weeks after vaccination. Com¬ 
pared to those who experience natural chickenpox, 
those that receive the vaccine may be less likely to 
get shingles. The Centers for Disease Control and 
Prevention, the Advisory Committee on Immuni¬ 
zation Practices, and the American Academy of Pe¬ 
diatrics currently recommend that potential 
vaccinees who may be exposed to pregnant women 
and the immunocompromised still receive the vac¬ 
cine. 70 There has been one case of potentially vac- 
cine-associated symptomatic infection documented 
in a pregnant woman from her vaccinated and oth¬ 
erwise healthy child. 71,84 Although healthy people 
are very unlikely to transmit virus to susceptibles 
after vaccination, a very small risk does exist. 84 The 
risk of transmission after vaccination is higher if 
the vaccinee develops a rash, 70,84 so vacciness who 
develop a rash should be isolated from susceptible 
individuals. 

The Advisory Committee on Immunization Prac¬ 
tices does not recommend serologic testing to con¬ 
firm lack of immunity because the vaccine can be 
administered safely to people who have had 
chickenpox infection in the past. 70,85 However, the 
estimated cost of the vaccine, $35 per dose in 1996, 
along with the cost of serologic testing must also 
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be considered. 70 

The vaccine is not being recommended for chil¬ 
dren less than 1 year of age. 10,83 All children 12 to 18 
months of age should be routinely vaccinated. Per¬ 
sons between 18 months and 13 years of age who 
have not been previously vaccinated and lack a re¬ 
liable history of varicella infection should receive 
one dose of vaccine. Selected populations of sus¬ 
ceptible adults should be administered two doses 
of vaccine. These include health care workers, teach¬ 
ers, daycare employees, and others with potentially 
close and frequent contact with susceptible persons 
and the immunocompromised. Nonpregnant 
women who may become pregnant in the future 
should be also be vaccinated. 70 Manufacturers ad¬ 
vise waiting at least 3 months before becoming preg¬ 
nant after vaccination. 83 

According to the directive requirements for the 
Armed Forces Immunizations Program in Novem¬ 
ber 1995, the Department of Defense policy is to 
administer the varicella vaccine to high-risk occu¬ 
pational groups and as directed by the applicable 
Surgeon General or Commandant, with the excep¬ 
tion of the Marine Corps, which follows only the 
Commandant's recommendations. 44 The Navy and 
Air Force presently screen recruits using on-site 
rapid ELISA testing during inprocessing at basic 
training. Results are available within 24 hours and 
the 7.0% who are seronegative are vaccinated. 86 The 
Army is developing its policy toward screening re¬ 
cruits for varicella. 

Relying on an individual's recall of clinical dis¬ 
ease is one aspect of concern in varicella immu¬ 
nization policies. In one study, 95% of military 
recruits giving a history of varicella were seroposi¬ 
tive. 75 The positive predictive value of a history of 
chickenpox may be lower in recruits who did not 
grow up in the United States. A study of US mili¬ 
tary recruits from Micronesia uncovered a positive 
predictive value of varicella history of only 
81%. 87 A representative sample of Army basic 
trainees studied had a positive predictive value 
of 88%. Eighty-nine percent of those with a ques¬ 
tionable history of varicella were also seropositive. 
Only 36% with a negative history of varicella 
were seronegative. 14 

Prevention other than vaccination includes keep¬ 


introduction and Military Significance 

Pertussis has been long, though erroneously, con¬ 
sidered solely a disease of childhood. The availabil¬ 
ity of a vaccine since 1949 and the resultant 99% 


ing those who are infectious away from susceptible 
people, especially those at high risk in the hospital 
setting. The military should be especially concerned 
about close contact, such as in schools and military 
basic training. Exposed susceptibles, including 
health care workers, should be isolated from other 
susceptibles on the 8 th to 21st days after the contact 
case develops the rash and to the 28th day if they 
received VZIG. 69,70 Children should be allowed to 
return to school or day care 6 days after the onset of 
their rash when all lesions are crusted over or cov¬ 
ered, unless they are immunocompromised. 10,69 Ac¬ 
tive duty personnel and other adults should return 
to work according to these same guidelines. 

Selected populations of exposed susceptible 
people need to be identified and offered VZIG. 
These include the immunocompromised, pregnant 
women, infants born to a mother who has onset of 
disease in the perinatal period, or premature infants 
(older than 28 weeks and no maternal history of 
varicella infection, younger than 28 weeks regard¬ 
less of maternal history). VZIG should only be of¬ 
fered after considering the potential for significant 
exposure. The dose is 125 U intramuscularly for 
each 10 kg of body weight, with a maximum of 625 
U (5 vials). 69 VZIG can prevent disease or lessen its 
severity if given within 96 hours of exposure, but it 
is not appropriate to use it as treatment once the 
disease has been established. 

In the future, the maintenance of immunity and 
the need for future boosters after vaccination will 
become better defined. Postvaccination transmis¬ 
sion also needs further investigation. 84 Vaccination 
programs should provide for those who were too 
old for the initial immunization campaign in chil¬ 
dren but escaped disease in childhood. The success 
of the immunization program in children will even¬ 
tually affect the varicella seroprevalence of enter¬ 
ing recruits and the cost-effectiveness of military 
vaccination strategies. Slow implementation of va¬ 
ricella immunization in children may for a time in¬ 
crease the susceptibility of incoming recruits as a 
result of reduced preaccession exposure. Future 
military policy should become more specific after 
incorporating economic considerations and con¬ 
tinuing surveillance. 

[Kathryn Clark] 


reduction in morbidity and mortality compared to 
the prevaccine era has removed pertussis from the 
consciousness of all but a small, specialized segment 
of the medical community. After the historic low of 
1,010 cases reported in the United States in 1976, a 
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cyclic (every 3 to 4 years) resurgence of cases has 
been noted, with a high of 6,586 cases in 1993. 88 The 
renewed interest and research in pertussis has re¬ 
vealed that adult pertussis has been underdiagnosed 
as well as underreported. Many feel that adults with 
pertussis infection represent the most significant 
reservoir for ongoing transmission of disease, es¬ 
pecially to susceptible infants and children, in 
whom the severity of illness is greater. 

Although pertussis has not yet been implicated 
in outbreaks of respiratory illness among military 
populations, it may be that it simply has not been 
recognized as a cause. Waning immunity in the vac¬ 
cine era appears to render many young adults sus¬ 
ceptible again at the very age most begin military 
service, as the last booster dose of pertussis vac¬ 
cine is given before the seventh birthday and vac- 
cine-induced immunity is thought to be absent by 
12 years after the last dose. Vaccination can be 
viewed as both boon and curse. While surely pre¬ 
venting many cases of serious disease and deaths 
among young children, widespread immunization 
has left so little natural infection in the community 
that there is little chance for adults to be "boosted" 
by exposure to natural cases. Approximately one 
fourth of the US adult population is thus thought 
to be susceptible to pertussis. 89 In the 1990s, espe¬ 
cially with licensure of acellular pertussis vaccine 
for children for the last two booster doses, there has 
been renewed interest and research into re-immu¬ 
nization of adults. 

The knowledge that pertussis occurs with some 
frequency in young adults, that it is a highly conta¬ 
gious respiratory disease, and that a significant 
proportion of military recruits are likely to be sus¬ 
ceptible make it conceivable that large outbreaks 
of disease could occur among barracks contacts at 
basic training sites. Two studies in the 1990s are per¬ 
tinent to the issue of military relevance of pertus¬ 
sis. One hundred thirty college students (the same 
age group as military recruits) with a cough illness 
of 6 or more days were enrolled in a study to exam¬ 
ine the prevalence of pertussis. 90 Twenty-six percent 
had evidence of pertussis infection. Serology de¬ 
tected all but one of the infections, and no cultures 
were positive. In the second study, 91 antibody lev¬ 
els of US university students were compared to 
German military recruits. IgA levels to four differ¬ 
ent pertussis antigens ranged from 60% to 91% 
among all participants and did not differ between 
the Americans and Germans for any of the indi¬ 
vidual antigens. Since IgA titers are thought to re¬ 
flect natural infection, the authors concluded that 
pertussis infections are common in this age group. 

A second theoretical concern for the military re¬ 


garding pertussis is related to the recent shift to¬ 
ward increased numbers of humanitarian assistance 
missions, in which US forces have close, prolonged 
contact with host populations. Since the incidence 
of pertussis is roughly three orders of magnitude 
greater in much of the world than it is in the United 
States (1 per 100 vs. 1 per 100,000), exposure to the 
host population increases the chance of infection in 
young service members. Alternatively, sporadic 
cases in those service members whose disease may 
be mild enough to preclude evacuation may result 
in transmission of disease to a relatively highly sus¬ 
ceptible population in the host country. 

Description of the Pathogen 

The causative agent of pertussis is the Gram¬ 
negative bacillus, Bordetella pertussis. The organism 
produces several cellular products responsible for 
its virulence and for antigen presentation to the host 
immune system. Pertussis toxin is an important 
virulence factor, mediating the attachment of the 
bacterium to the respiratory epithelial cells. Fila¬ 
mentous hemaglutinin is the other major protein 
product also thought to mediate attachment of the 
organism to the respiratory epithelial cells. 92 Both 
of these protein products are believed to play a role 
in inducing immunity after natural infection and 
also represent the major components of the licensed 
acellular vaccine for children. 93 

Epidemiology 

Transmission 

Pertussis is transmitted readily by contact with 
respiratory secretions from an infected individual 
spread through airborne droplets. 10p375 “ 379 ' 92 Up to 
90% of susceptible household contacts may become 
infected following close contact with an index case. 
Indirect transmission through fomites is considered 
unlikely. 92 The most susceptible age groups are (a) 
infants younger than 6 months of age who have not 
completed the three-dose primary immunization 
series and who do not have passive antibody pro¬ 
tection from mothers whose vaccine-induced im¬ 
munity has waned and ( b ) adolescents and adults 
whose immunity has waned and who may be ex¬ 
posed to infected family members or close contacts. 

Geographic Distribution 

Pertussis is a worldwide disease problem. Vac¬ 
cination policies tend to be less stringent in some 
other developed nations than in the United States. 
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Pertussis vaccination is optional in Germany 91 and 
Italy, 94 and the vaccine was withdrawn in Sweden 
in 1979. 95 The schedule in Finland is different than 
in the United States, with four total doses recom¬ 
mended and the last booster at 2 years of age. 96 

Incidence 

In 1986, the World Health Organization estimated 
that there are 60 million new cases of pertussis each 
year, causing about 600,000 deaths. 97 In the United 
States, the incidence of pertussis has generally in¬ 
creased since the historic low in 1976, with the great¬ 
est number of cases since then occurring in 1993. 
Pertussis continues to be largely a disease of infants 
and children, but the percentage of cases in persons 
aged 10 years or older has increased from 15.1% 
(1977 to 1979) to 18.9% (1980 to 1989) to 28% (1992 
to 1994). 88,98 The rate of complications in the older 
age groups, however, is significantly lower than in 
infants and children. Specifically, there were pro¬ 
portionally fewer cases requiring hospitalization or 
developing pneumonia, seizures, or encephalopa¬ 
thies in those aged 10 years or older for the years 
1992 to 1994. 88 All 32 deaths occurred in children 
younger than 10 years of age. 

One study 99 has estimated that only 11.6% of per¬ 
tussis cases in the United States are reported to the 
Centers for Disease Control and Prevention. Coupled 
with the fact that the illness in adolescents and adults 
is milder or atypical, 89,100 it is likely that cases in the 
older age groups are disproportionately underre¬ 
ported. Other studies, 101,102 which have attempted 
to prospectively diagnose pertussis in adults with 
a prolonged cough illness, suggest that pertussis 
may account for 21% to 26% of these illnesses. 

Pathogenesis and Clinical Findings 

The clinical syndrome of pertussis is variable, but 
illness severity is generally greatest in the very 
young. After an incubation period of 6 to 20 days, 
the first stage of illness, known as the catarrhal 
stage, arises with nonspecific nasal symptoms, low- 
grade fever, and mild cough. This stage corresponds 
to the period of greatest infectivity. After 1 to 2 
weeks, the paroxysmal stage begins, with the char¬ 
acteristic symptoms of paroxysmal cough and in¬ 
spiratory whoop (Figure 39-2). Especially in young 
children, the paroxysms of cough may be compli¬ 
cated by apnea, posttussive vomiting, and hypoxia- 
induced encephalopathy. Pneumonia is another 
complication and is highly correlated with death. 
Bronchopulmonary pathologic findings include 
damage to cilia, accumulation of secretions, and 


edema. 92 Adults are less likely to have paroxysms 
of cough or the classic whoop but are likely to 
present with a prolonged cough illness. Asymptom¬ 
atic carriage is not a feature of this disease. 

Diagnostic Approaches 

Diagnosis is difficult, especially in adults. Culture 
of nasopharyngeal secretions has been the gold stan¬ 
dard, but even in optimal circumstances only 80% of 
cultures are confirmatory. 92,103 The pertussis organism 
is fastidious and slow-growing, requires selective 
media, and must be obtained with a calcium alginate 
or Dacron swab. Previous immunization, use of an¬ 
tibiotics, or attempts to isolate the organism late in 
the illness all decrease the rate of recovery. Direct fluo¬ 
rescent antibody testing of nasopharyngeal secretions 
has been employed as a rapid means of diagnosis, 
but results have been mixed, with generally low sen¬ 
sitivity and specificity. 10,103 Serologic testing, using a 
variety of methodologies from agglutination to en¬ 
zyme-linked immunosorbent assay and using either 
single elevated titers or paired (acute and convales¬ 
cent) titers, has been employed. 92,103,104 Use of paired 
sera limits the applicability of the test to retrospec¬ 
tive serosurveys in most cases. Further, because of 
the ubiquitous exposure to pertussis through im- 



Fig. 39-2. Subconjunctival hemorrhage in pertussis oc¬ 
curs because the intrathoracic pressure rises sharply dur¬ 
ing violent paroxysms of coughing and leads to sudden 
surges in capillary pressure. In this child, the subcon¬ 
junctival hemorrhage is accompanied by bleeding into 
the lower lid—a rarer complication. No permanent harm 
results, and these complications resolve rapidly. 
Reprinted courtesy of Mosby-Wolfe Limited, London, UK 
from: Forbes CD, Jackson WF, eds. Color Atlas and Text of 
Clinical Medicine. 2nd ed. London: Mosby-Wolfe Lim¬ 
ited; 1997: 55. 
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munization or natural infection, the ideal serologic 
test would be quantitative rather than registering 
the simple presence or absence of antibody. Research¬ 
ers have developed a set of isotype-specific antibody 
responses to B pertussis antigens (ie, PT, FHA) for 
serodiagnosis of natural infection, but these are per¬ 
haps not practical except in reference laboratories. 104 

Diagnosis in a garrison environment can be ac¬ 
complished with the aforementioned tools, subject 
to local resources. In the field or during wartime, 
though, reliance on clinical diagnosis is necessary 
because culture requires special media and direct 
fluorescent antibody requires special lab equipment 
that may not be available in forward-deployed hos¬ 
pital settings. It might be possible to use a single 
serum titer in the appropriate clinical scenario, if 
further study yields a quantitative titer that is 
judged positive and indicative of recent infection. 
The clinical case definition set forth by the Centers 
for Disease Control and Prevention consists of 
cough of at least 14 days' duration without other 
known etiology, accompanied by either paroxysms, 
inspiratory whoop, or posttussive vomiting. 105 

Recommendations for Therapy and Control 

Erythromycin is the antimicrobial of choice for 
both treatment of individuals and for outbreak con¬ 
trol. Individual patients should be treated with a 
14-day course of erythromycin and are considered 
noninfectious after completion of 5 days of therapy. 
Only rarely is pertussis diagnosed early enough in 
the catarrhal phase to enable erythromycin to af¬ 
fect the clinical course; the goal of the antibiotic 
treatment is the eradication of the organism from 
the nasopharynx to interrupt transmission. 92 Close 
or household contacts who have not completed the 
vaccination series should receive a dose of vaccine 
as soon as possible after contact with the index case. 


Introduction and Military Relevance 

Tetanus, also known as lockjaw because of its 
propensity to cause painful, tonic spasms of the 
muscles, has been and will remain an important 
infection from a military perspective. In the mili¬ 
tary workplace, whether it be on the battlefield or 
the training ground, service members will sustain 
wounds, exposing them to the ubiquitous spores 
of tetanus. Tetanus spores live in soil for many 
years, so the risk is ongoing and permanent. 


and all contacts, regardless of age or immunization 
status, should receive 14 days of prophylaxis. 10 

Prevention of pertussis is accomplished in the 
United States by a vaccination series consisting of 
five doses: three primary doses at 2,4, and 6 months 
of age and boosters at 12 to 18 months and at 4 to 6 
years of age. Pertussis is usually combined with 
vaccines against tetanus and diphtheria, as diph¬ 
theria-tetanus-pertussis (DTP) or diphtheria-teta¬ 
nus-acellular pertussis (DTaP). The use of acellular 
pertussis vaccine has been recommended for use 
in the booster doses since 1991, 106 but the Advisory 
Committee on Immunization Practices (ACIP) has 
broadened its recommendations for use of acellu¬ 
lar pertussis for the primary doses as well as the 
booster doses for several products licensed by the 
Food and Drug Administration. 107,108 The ACIP does 
not recommend the use of pertussis vaccine beyond 
the seventh birthday, 10 despite the widely recog¬ 
nized problem of waning immunity. 

Since the availability of acellular pertussis in 
1991, there has been renewed interest in testing its 
safety and efficacy in adult populations. Long-term 
immunogenicity of acellular pertussis vaccine has 
still not been evaluated, but preliminary research 
shows that it is both safe and immunogenic in the 
near term when administered to adults. 93,109,110 Fur¬ 
ther study is likely to yield a recommendation for a 
tetanus-diphtheria-acellular pertussis (TdaP) 
booster for adults in the future. 

Because of the potential for epidemic spread in a 
barracks setting or aboard ship and because of the 
shift in the role of the military in peacetime to hu¬ 
manitarian missions, it seems appropriate for mili¬ 
tary personnel, particularly new recruits. Special 
Forces units, and Civil Affairs units, to be immu¬ 
nized against pertussis when acellular pertussis 
becomes available for use in adults. 

[David Goldman] 


Even though there were very few recorded cases 
of tetanus during the Civil War, a doctor wrote, 
poignantly, "On account of exposure, many wounds 
were gangrenous when the patients reached the 
hospital. In these cases delay was fatal, and an op¬ 
eration almost equally so, as tetanus often followed 
speedily." lllp30 One of the historical figures who 
succumbed to lockjaw was General Gladden, who 
was with General Bragg's command in South Caro¬ 
lina. He had his left arm amputated after being hit 
by a musket ball. Refusing convalescence, he re- 
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joined the battle. In days, he required a second 
amputation, near the shoulder, but he still refused 
to give up command. He gave it up shortly thereaf¬ 
ter, when he died of "lockjaw." 111 

In World War I, the case rate for tetanus was 0.16 
per 1,000 wounded. The reason for the low incidence 
of tetanus was the universal and early administra¬ 
tion of tetanus antitoxin as a form of passive im¬ 
munization. Fifteen hundred units of tetanus antitoxin 
was given subcutaneously in all cases of wounds 
and injuries where there was the possibility of con¬ 
tamination with tetanus spores. A "T" was painted 
with iodine on the forehead of soldiers given the 
antitoxin at an aid station or at any point in front of 
the hospital station. Proof of the usefulness of anti¬ 
toxin was evident in the experience of the British 
Army. In September 1914, their rate of tetanus was 
8.6/1,000. After orders were issued to use the anti¬ 
toxin, the rate fell to 1.4/1,000 by December 
1914. 112pll0 “ 114 

In 1941, all US military personnel were immu¬ 
nized with tetanus toxoid. 113 During World War II, 
there were only 16 clinical tetanus cases, and only 
six of these died. After the toxoid was precipitated 
with alum or adsorbed onto aluminum salts, fewer 
doses were needed for effective immunization. 114 

Since the early 1990s, the US military has been in¬ 
creasingly involved in operations other than war, such 
as peacekeeping and provision of humanitarian 
assistance. These activities bring to bear issues in teta¬ 
nus control that are especially pertinent in develop¬ 
ing countries. Because tetanus spores are ubiquitous, 
it is not a matter of eliminating exposure but rather of 
limiting it. The issues are basic sanitation, appropri¬ 
ate wound care, aseptic technique during childbirth, 
and adequate immunization. There is precedent for 
military efforts in these areas. The US Army medical 
department made significant improvements in gen¬ 
eral sanitation measures while encamped in Cuba 
during the early part of the 20th century, which in¬ 
cluded decreasing the number of cases of tetanus re¬ 
sulting from unsanitary care of the umbilical cord in 
newborns. 115 Modern peacekeeping efforts provide a 
great opportunity to decrease the incidence of neona¬ 
tal tetanus in developing countries by ensuring that 
pregnant women are vaccinated against tetanus. 

Description of the Pathogen 

Tetanus is caused by an exotoxin, called tetano- 
spasmin, which is elaborated in wounds infected 
with Clostridium tetani, a Gram-positive, anaerobic 
bacillus. 


Epidemiology 

Transmission 

The means of transmission is by introduction 
of tetanus spores into the body, typically through 
a puncture wound contaminated with soil or 
feces. 10p491_496 Cuts, burns, or contaminated illicit 
injectable drugs also create routes for infection to 
occur. The organism is harbored in the intestinal 
tract of humans, horses, and other animals. Teta¬ 
nus is not communicable from person to person. 

Geographic Distribution 

Tetanus occurs worldwide; however, it is more 
prevalent in countries where immunization pro¬ 
grams are lacking or there is difficulty in obtaining 
appropriate medical care. It is also found more fre¬ 
quently in densely populated areas with hot and 
damp climates where the soil is rich in fecal matter. 116 

Incidence 

Almost all cases of tetanus in the United States 
occur in partially immunized or nonimmunized 
persons. Most cases occur in persons 60 years of age 
or older; 117 from 1989 to 1990, 58% of the 117 cases 
reported in the United States occurred in adults over 
the age of 60. 10 This is primarily due to waning im¬ 
munity caused by declining antibody levels. The 
third national Health and Nutrition Examination 
Survey, a study of 10,618 people 6 years of age and 
older conducted from 1988 to 1991, showed that 
protective levels of tetanus antibody were found in 
27.8% of those 70 years of age or older. 117 Lower 
rates of immunity were also seen in non-Hispanic 
blacks (68.1%) and Mexican-Americans (57.9%) in 
comparison to non-Hispanic whites (72.7%). A his¬ 
tory of having served in the US military was asso¬ 
ciated with having protective levels of antibody, 
and male veterans had higher rates of immunity 
compared to female veterans. In fact, one of the risk 
factors for sustaining a tetanus infection for US citi¬ 
zens is a lack of military experience. 118 The follow¬ 
ing variables were all independent predictors of 
protective levels of tetanus antibody levels: male 
sex, non-Hispanic white race, US or Canadian birth, 
military service, and having some college educa¬ 
tion. Certain risk factors (ie, access to health care, 
poverty status, educational level of the head of the 
household) were not associated with immunity to 
tetanus. 117 
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In spite of an effective vaccine, approximately 
50,000 deaths from tetanus are reported per year 
worldwide. 118 In reality, there are many more deaths 
secondary to tetanus than are officially reported. 
Tetanus can be likened to a silent epidemic and may 
be the "most underreported lethal infection in the 
world." 119p191 After the advent of active immunization 
programs in the United States, the incidence declined, 
with 560 cases reported in 1947, 101 cases in 1974, 
and approximately 60 to 80 cases per year since the 
early 1980s. 118 These numbers reflect reported cases; 
underreporting of cases is also a problem in the 
United States. The case fatality rate varies, depend¬ 
ing on patient age and length of incubation time. 
In general, the shorter the incubation period and 
the more extreme the age (ie, newborns, young chil¬ 
dren, the elderly), the higher the case fatality rate 
will be. 

Pathogenesis and Clinical Findings 

Once the tetanospasmin has entered the central 
nervous system, it binds to the ganglioside mem¬ 
branes of nerve synapses. This blocks release of the 
inhibitory transmitter from the nerve terminals, 
causing a generalized tonic spasticity. Spasms re¬ 
sult from intensive afferent stimuli, which increases 
rigidity and causes simultaneous and excessive con¬ 
traction of muscles and their antagonists. 116 

The average incubation period is 10 days, with a 
range from 1 day to several months, depending on 
the severity and location of the wound. When the 
period from injury to onset of symptoms is short, 
the illness will be more serious. Case fatality ranges 
from 10% to 90%. When symptoms occur within 2 
or 3 days of injury, the mortality rate approaches 
100%. 116 Occasionally, the presenting signs and 
symptoms may be nonspecific, but the most com¬ 
mon presentation will include painful muscular 
contractions, especially of the masseter and neck 
muscles, and difficulty opening the jaw. Trismus, 
which may include a "risus sardonicus" or sardonic 
smile, may result in difficulty swallowing and irri¬ 
tability. Abdominal rigidity may be one of the first 
signs of tetanus in older children and adults. The 
rigidity can also occur around the site of the injury. 10 
The posture of severe curving of the back upwards 
with the head and heels flat on the bed, or 
opisthotonus, is a result of tetanic spasm. Minor 
stimuli, such as noise or a breeze, may cause pain¬ 
ful, tonic convulsions. Cyanosis and asphyxia may 
result when the respiratory muscles spasm. 120 These 
manifestations will increase in severity for 3 days 
and will remain stable for 5 to 7 days, after which 


spasms will occur less frequently until they disap¬ 
pear altogether. 116 Complications, including death, 
are the result of a combination of factors. These fac¬ 
tors include the direct results of the toxin, such as 
laryngospasm, which leads to impaired respiration, 
hypoxia, and brain damage. Vigorous therapy and 
prolonged bed rest can result in secondary compli¬ 
cations such as decubitus ulcers. 

In a field setting, the first symptoms of tetanus 
may be quite subtle, consisting only of pain and tin¬ 
gling at the wound site, followed by spasticity of 
the nearby muscle groups. 120 This is referred to as a 
localized tetanus. Cephalic tetanus, which can in¬ 
volve all cranial nerves, is seen most commonly in 
children and is usually associated with a chronic 
otitis media. 

Tetanus neonatorum, a form of tetanus that af¬ 
fects newborns as a result of nonsanitary medical 
or ritualistic perinatal practices, often presents as 
an inability to nurse. Stiffness, spasms, convulsions, 
or opisthotonus are subsequently noted. The aver¬ 
age incubation period is about a week and mortal¬ 
ity is high. 

Diagnostic Approaches 

Tetanus can be insidious to diagnose because a 
history of an injury may be lacking. Any scenario 
that allows for penetration of the skin and fosters 
an anaerobic environment is conducive to growth 
of tetanus spores. Burn victims and intravenous- 
injecting drug addicts are examples of particularly 
susceptible individuals. 

There are no specific laboratory tests to diagnose 
tetanus. Laboratory confirmation is futile, as the 
organism is not usually recovered from the infec¬ 
tion site, nor is there any appreciable antibody re¬ 
sponse. 10 About one third of patients may exhibit a 
granulocytosis, and various fluid and electrolyte 
disturbances may occur. 116 Tetanus is diagnosed 
strictly on clinical grounds when the signs and 
symptoms suggest it in an individual who has not 
been immunized or who has let his or her tetanus 
immunity lapse. Therefore, the treating physician 
must have a heightened sense of suspicion and 
make inquiries about tetanus immunization history. 

Recommendations for Therapy and Control 

The goals of therapy for tetanus are to neutral¬ 
ize the toxin, to remove the source of the toxin, and 
to provide supportive care. 118 Patients who recover 
from tetanus do not develop an immune response 
so they also require active immunization. In addi- 
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tion to wound cleaning, surgical debridement (when 
indicated), and prophylactic antibiotics (a 7-day 
course of penicillin), vaccine immunoprophylaxis 
is necessary to prevent tetanus. This will depend 
on the type of wound and the history of tetanus 
immunizations. Patients should be asked whether 
they have ever received tetanus immunization, and 
the wound site should be characterized as to 
whether it is clean and minor, severe, or contami¬ 
nated. If the patient cannot recall or has had less 
than three doses of tetanus vaccine, he or she should 
be given tetanus vaccine (using a combined diph¬ 
theria-tetanus-pertussis vaccine, DTP), the amount 
of which will vary with the age of the patient. Chil¬ 
dren younger than 7 years old should receive DTP 
or DTaP (a formulation with acellular pertussis). 
Children older than 7 years and adults should re¬ 
ceive Td (tetanus-diphtheria). Tetanus immune 
globulin (TIG) provides immediate neutralization 
of tetanospasmin and should be administered to 
patients with severe or dirty wounds who are un¬ 
sure of their immunization status or those with a 
history of having had less than three doses of teta¬ 
nus vaccine. When both TIG and toxoid are given, 
separate sites and syringes must be used. TIG is not 
necessary for patients who have had a full series of 
tetanus immunizations. Neither is it necessary to 
give a booster of tetanus vaccine to patients who 
have previously been fully immunized, except in 
certain situations. If a patient has sustained a mi¬ 
nor, clean wound and it has been more than 10 years 
since the last dose of tetanus vaccine, he or she 
should receive a Td booster. If the wound is severe 
or dirty or both, and it has been more than 5 years 
since the last dose, a booster should be given 10 


(Table 39-2). 

Once tetanus is suspected, the patient should be 
admitted to an intensive care unit to ensure con¬ 
tinuous monitoring capability and protection of the 
airway in the event of tetanus-induced laryn- 
gospasm. Aggressive therapy to inhibit generalized 
spasm and the treatment of autonomic instability 
is important. 118 Metronidazole or doxycycline can 
be given intravenously in large doses for 7 to 14 
days. Parenteral penicillin G is an alternative 
treatment. 10,69p563 “ 568 ' 121 Tetanospasmin can be neu¬ 
tralized with TIG if the exotoxin has not already 
been fixed in the central nervous system. TIG will 
not ameliorate symptoms already present at the 
time tetanus is diagnosed. 116 

Military personnel will now usually see tetanus 
in the context of humanitarian assistance to non- 
US populations. Some of the simplest measures are 
also some of the most difficult to achieve in light of 
poverty, cultural behaviors, and lack of education. 
Individuals who cannot afford shoes are vulnerable 
to puncture wounds through their feet. The lack of 
control of pets and their excreta provides abundant 
opportunities for exposure to tetanus spores. Ritu¬ 
als involving abrasion or cutting provide easy ac¬ 
cess and introduction of the spores. Procedures used 
during childbirth, including attendance by un¬ 
trained lay-midwives and use of unsterile instru¬ 
ments, foster tetanus infections in unimmunized 
pregnant women. In some cultures, mothers dress 
their babies' umbilical stumps with dust mixed with 
spider webs or dung, greatly increasing the risk for 
an ensuing tetanus infection unless the baby has 
transplacentally received passive tetanus antibody 
from its mother. 122 


TABLE 39-2 

SUMMARY GUIDE TO TETANUS PROPHYLAXIS IN ROUTINE WOUND MANAGEMENT 


History of Tetanus 
Immunization (doses) 

Clean, Minor Wounds 

All Other Wounds 


* + 

Td + 

TIG 

* 

Td 

TIG 

Uncertain or < 3 

Yes 

No 

Yes 

Yes 

3 or more 

No + 

No 

o 

-H- 

No 


For children less than 7 years old, DtaP or DTP (DT, if pertussis vaccine is contraindicated) is preferred to tetanus toxoid alone. 
For persons 7 years old or older, Td is preferred to tetanus toxoid alone. 

* Yes, if more than 10 years since last dose. 

* Yes, if more than 5 years since last dose. (More frequent boosters are not needed and can accentuate side effects.) 

Reprinted with permission from: Chin J, ed. Control of Communicable Diseases Manual. 17 th ed. Washington, DC: American Public 
Flealth Association; 2000: 496. Copyright 2000 by the American Public Health Association. 

TIG: Tetanus immune globulin 
Td: tetanus-diphtheria 
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The US military has played an active role in fos¬ 
tering immunization programs in developing coun¬ 
tries. Preventing tetanus neonatorum and tetanus 
in postpartum women is a worthy focus. (Young, 
nonpregnant women can also be vaccinated against 
rubella at the same time as receiving tetanus vac¬ 
cine.) However, targeting women attending prena¬ 
tal clinics will not suffice. Strategy for preventing 
tetanus has to be aimed at the whole population and 
should be tailored according to the customs and 
needs of the countries supported. Since tetanus 
spores are ubiquitous, it is important to ensure 
universal vaccination with adsorbed tetanus toxoid 
by administering a basic series of the vaccine and giv¬ 
ing booster doses every 10 years to ensure ongoing 
protection. 118 If resources are limited, an initial method 
may be to target school-aged children for vaccination. 
Later, when the girls become pregnant, they will trans¬ 
fer tetanus antibody transplacentally to the fetus, con¬ 
ferring protection against neonatal tetanus. 

In the US military, tetanus toxoid is administered 


Introduction and Military Relevance 

Diphtheria is an acute bacterial infection caused 
by Corymbacterium diphtheriae. The organism elabo¬ 
rates a toxin that produces a characteristic patch or 
patches of an adherent grayish membrane with sur¬ 
rounding inflammation, affecting the tonsils, phar¬ 
ynx, larynx, nose, and occasionally other mucous 
membranes or skin. 10pl65_17 ° Diphtheria gets its name 
from the Greek word for tanned skin or leather, 
which describes the nature of the membrane that is 
almost pathognomonic for diphtheria. The organ¬ 
ism is spread through the respiratory route and 
close personal contact. Military personnel are at 
greater risk of contracting diphtheria when they are 
in crowded conditions. 

Diphtheria was not distinguished from scarlet 
fever during the Revolutionary War. It was also 
called "Throat Distemper, Angina Suffocativa, Blad¬ 
der in the Throat, Cyanache Trachealis, Angina 
Maligna, Epidemical Eruptive Miliary Fever and 
Angina Ulcusculosa." 123 During the Civil War, diph¬ 
theria was one of the common diseases that affected 
all combatants. 

In 1913, Schick introduced the skin test for im¬ 
munity. However, disease control in the military did 
not involve using the Schick test on whole units and 
immunizing positive reactors because of the logis¬ 
tical burden that would have placed on time, mate¬ 
rials, and workload. Instead, outbreaks were pre¬ 


to all active duty personnel, recruits, and reserve 
components. They are vaccinated as they begin their 
military careers, receiving a primary series of Td 
toxoid if they lack a reliable history of prior immu¬ 
nization. If they have a history of receiving Td, they 
will still receive a booster dose upon entry to ac¬ 
tive duty and, ideally, every 10 years thereafter. 48 
During soldier readiness processing (SRP) in the 
Army and its equivalent in the other services and 
especially for targeted deployments, screening of 
immunization records includes checking for the 
date of the last Td immunization. If this has not been 
given within the previous 10 years, the service 
member is given a booster. Excessive boosting may 
be associated with local and systemic reactions. 
Both military personnel and civilians should be 
educated about preventive measures: routine teta¬ 
nus immunization, proper care of wounds, and teta¬ 
nus immunization, if indicated, after receiving a 
tetanus-prone wound. 

[Paula K. Underwood] 


vented by testing all known contacts of cases to 
identify carriers. The contacts were placed into 
group quarantine, which allowed for early detec¬ 
tion and treatment with antitoxin of secondary 
cases. U2p74 “ 83 

By World War I, the prevailing medical opinion 
dismissed diphtheria as a serious threat to military 
operations. Disease was usually sporadic among 
troops but could be epidemic if the conditions were 
favorable. Diphtheria was the 18th cause of death 
and the 28th cause of lost time during World War I 
in the Army, but it was often difficult to differenti¬ 
ate tracheitis and laryngitis caused by gassing from 
laryngeal diphtheria. 124 Adding to the confusion 
were laryngeal fibrino-purulent membranes, which 
formed in severely gassed patients and strongly 
resembled diphtheric membranes. 

There were three documented epidemics of diph¬ 
theria during World War I. The disease was more 
common among enlisted white soldiers but had a 
higher case fatality rate among black soldiers. 
Crowding of troops in trains, transports, and bil¬ 
leting facilitated disease spread. 112 In 2 of the 42 di¬ 
visions in the American Expeditionary Forces, diph¬ 
theria became a concern. Both divisions came from 
camps in the United States at sites with a high preva¬ 
lence of diphtheria (the 32nd Division in Camp 
MacArthur, Texas, and the 35th Division in Camp 
Doniphan, Oklahoma). Carriers were the source of 
infection, and the crowded conditions allowed 
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propagation and transmission of the organism. 
Once the 35th Division was encamped in France, 
with 48 hours of close contact, a sharp increase in 
diphtheria admissions was noted. After troops were 
distributed in billets and dugouts in the Vosges 
Mountains, crowding decreased and the morbidity 
rate declined. Of 10,909 admissions for diphtheria, 
2,439 complications and 107 deaths were reported. 
The case fatality rate for the US Army was 1.62%. 124 

During World War II, cutaneous diphtheria be¬ 
came a problem for military personnel in North 
Africa. 114 This type of indolent skin infection may 
act as a source of respiratory infection in others. It 
is more common in warmer climates. 125 

Description of the Organism 

Diphtheria is caused by a Gram-positive, club- 
shaped bacillus. It was discovered by Kelbs in 1883, 
and Loeffler succeeded in growing the organism in 
culture in 1884. 

All corynebacteria have the heat-stable O anti¬ 
gen. K antigens, which are heat-labile proteins in 
the cell wall, differ among strains of C diphtheriae, 
and these differences permit classification into a 
number of types. There are three morphologically 
different biotypes: gravis, intermedius, and mitis. 
There is no consistent correlation between clinical 
severity and specific biotype. 

Epidemiology 

Transmission 

Humans are the reservoir. The means of trans¬ 
mission is person to person, from intimate physical 
contact with a case or an asymptomatic carrier. Be¬ 
cause the infection can be subclinical, asymptom¬ 
atic individuals can transmit the infection. There has 
been no clear proof of indirect transmission by air¬ 
borne droplet nuclei, dust, or fomites. Cutaneous 
lesions are important in transmission. Also, there 
is evidence of outbreaks caused by contaminated 
milk and milk products. 125 

Geographic Distribution 

In temperate climates, diphtheria occurs through¬ 
out the year but seasonal increases are seen in colder 
months, probably as a result of close contact in¬ 
doors. In tropical and warm climates, cutaneous 
diphtheria is more common and is not related to 
the season. 

In the late 1980s and continuing into the 1990s, 


diphtheria reemerged in all but one of the indepen¬ 
dent states of what was the Soviet Union. There is 
the potential for importation of cases into the United 
States from this region, given the ease of global 
travel. To date, no imported case has been reported; 
however, there have been imported cases in Europe. 126 

Incidence 

In the past, diphtheria was a major cause of 
morbidity and mortality. Peaks in incidence were 
observed approximately every 10 years. In Massa¬ 
chusetts between 1860 and 1897, death rates ranged 
between 46 and 196 per 100,000 annually. The pro¬ 
portion of total deaths that were attributable to 
diphtheria annually ranged between 3% and 10% 
during the same period. 125 In the United States in 
1900, more than half as many deaths were caused 
by diphtheria as were caused by cancer. With the 
introduction of diphtheria antitoxin in the early 
1900s, a considerable fall in the death rate occurred, 
but the number of cases remained high. In 1921, 
more than 200,000 cases were reported, primarily 
among children. 127 There were only 28 cases reported 
in the United States between 1982 and 1991. 128 

During World War II, a major outbreak, which 
apparently originated in Germany, spread through¬ 
out Western Europe, and more than 1 million cases 
were eventually reported. Occasional widespread 
epidemics have occurred, notably in Austin and San 
Antonio, Texas, between 1967 and 1970. 125 In 1994 
in the former Soviet Union, there were 47,802 cases 
and 1,746 deaths reported. Serological surveys for 
diphtheria antibodies reveal that 20% to 60% of US 
adults older than 20 years of age are susceptible. 126 
US military recruits from Micronesia show a 39% 
seronegative rate for diphtheria. 87 

There has been a nearly complete disappearance 
of the disease in countries that have immunized 
widely. Ninety-six percent of school-aged children 
in the United States have received three or more 
doses of diphtheria and tetanus toxoids and per¬ 
tussis vaccine. 127 A distinct and disturbing trend, 
though, seems to be an increasing serosusceptibility 
with advancing age. While diphtheria was once 
commonplace, it is now largely confined in the 
United States to adults over the age of 20 who have 
not obtained recommended boosting doses. 125 

Pathogenesis and Clinical Findings 

Roux, one of Pasteur's assistants, and Yersin 
demonstrated in 1888 that the diphtheria bacillus 
produced a powerful toxin. Toxin production is 
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mediated by bacteriophages. When the bacteria are 
infected with the corynebacteriphage that contains 
the gene fox, toxin production will occur. The toxin 
is identical among all the strains. The diphtheria 
toxin is a polypeptide with a molecular weight of 
approximately 58,000. The toxin has two fragments: 
A and B. Fragment B penetrates the cell, and toxicity 
is due to the disruption of cellular protein synthesis 
by the A fragment of the toxin. 125 Antibodies directed 
against the B fragment protect against infection. 

The incubation period is from 1 to 6 days. Early 
symptoms are mild and nonspecific. Fever, if 
present, does not usually exceed 38°C (101 °F). The 
patient may complain of a sore throat, and the cer¬ 
vical lymph nodes may be enlarged, giving rise to 
the so-called "bull neck." There may be a serosan- 
guinous nasal discharge. At first, the pharynx is 
suffused with blood on physical exam, but about 1 
day after onset, small patches of exudate appear. 
Within 2 or 3 days, the patches spread, become 
confluent, and may form a membrane that covers 
the entire pharynx, including the tonsillar areas, soft 
palate, and uvula. The membrane will take on a 
grayish color and is thick and firmly adherent. Ef¬ 
forts to dislodge it usually result in bleeding. The 
patient will appear very ill and may have a rapid, 
thready pulse. If the patient is not treated, the mem¬ 
brane will begin to soften after a week and will 
eventually slough off. Other sites may become in¬ 
volved, including cutaneous, vaginal, aural, and 
conjunctival areas. Altogether, these sites account 
for 2% of cases and are secondary to nasopharyn¬ 
geal infection. 125 

The impact of diphtheria is largely felt by its pro¬ 
pensity to cause complications, especially in the 
nervous and cardiovascular systems. Severe com¬ 
plications typically fall into one of three categories: 
acute systemic toxicity, myocarditis, and peripheral 
neuritis. Only toxin-producing biotypes cause myo¬ 
carditis and neuritis. 127 The major complications of 
laryngeal diphtheria are croup and respiratory ob¬ 
struction. 

Bacilli that are not infected by bacteriophages can 
also cause disease even though they do not produce 
the toxin. This condition is called avirulent 
diphteria, and it tends to be mild. 129 

Diagnostic Approaches 

An adherent, grayish membrane in the throat of 
a patient who is acutely ill should suggest the di¬ 
agnosis. The differential diagnosis would include 
bacterial and viral pharyngitis, Vincent's angina, 
oral syphilis, candidiasis, infectious mononucleo¬ 


sis, acute adult epiglottis, croup, and facial nerve 
palsies from neurological complications of Lyme 
disease. 10 Diphtheria most often appears as a mem¬ 
branous pharyngitis. A patient with a confluent 
pharyngeal exudate should be suspected of having 
diphtheria until proven otherwise. The onset is 
gradual, with a steady progression through hoarse¬ 
ness to stridor over a period of 2 to 3 days. Material 
for culture should be obtained with direct visual¬ 
ization and is best taken from the edge or beneath 
the edge of the membrane. Cutaneous diphtheria 
may appear as a sharply demarcated lesion with a 
pseudomembranous base at the site of a wound. Its 
appearance may not be distinctive, however, and 
the diagnosis can only be confirmed by positive 
culture. 127 

Recommendations for Therapy and Control 

Treatment of diphtheria is a two-step process. The 
first step involves the administration of diphtheria 
equine antitoxin. The amount of toxin produced is 
in direct proportion to the size of the membrane. 
Depending on how extensive the local lesions are, 
the total recommended amount of antitoxin will 
vary between 20,000 and 100,000 U. A higher dose 
of antitoxin will also be required as the interval 
between onset of disease and initiation of treatment 
lengthens. 125 

The second step of treatment is to eliminate car¬ 
riage of the organism in the pharynx or nose or on 
the skin. It is necessary to administer a course of 
either penicillin (intramuscular penicillin G 
benzathine 600,000 U for children younger than 6 
years of age or 1.2 million U for patients 6 years 
and older) or erythromycin (7- to 10-day course at 
40mg/kg per day for children and 1 g per day for 
adults). Treatment should continue until there are 
at least three consecutive negative cultures. 

If a susceptible, unimmunized patient is ex¬ 
posed to diphtheria but is asymptomatic, the pre¬ 
ferred course is to obtain a throat culture, begin 
immunization with diphtheria toxoid, and ini¬ 
tiate prophylaxis with either a single dose of 
benzathine penicillin or oral erythromycin for 7 
days. Patients should be kept under observation. 
If they cannot be observed, they should be given 
5,000 to 10,000 U of antitoxin intramuscularly 
and started on a course of oral erythromycin (40 
to 50 mg/kg per day for 7 days, maximum 2 g 
per day), or be given a single intramuscular dose 
of benathine penicillin G (600 U for children 
younger than 6 years of age and 1.2 million U 
for patients 6 years and older). 69p230 “ 234 
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Diphtheria is a reportable infection; case reports 
are obligatory in most states. Measures must be 
taken to avoid an epidemic. Patients with pharyn¬ 
geal diphtheria must be kept in strict isolation, and 
those with cutaneous diphtheria require contact iso¬ 
lation. Two cultures from the throat and nose (taken 
not less than 24 hours apart and not less than 24 
hours after finishing antimicrobial therapy), or from 
skin lesions for those with cutaneous disease, must 
be negative for diphtheria bacilli before the isola¬ 
tion precautions can be discontinued. All articles 
used by patients need to be thoroughly disinfected. 
All contacts need to be kept under surveillance for 
7 days, and cultures of the nose and throat should 
be taken to rule out asymptomatic carriage of the 
organism. Regardless of their asymptomatic state 
and their immunization history, all contacts should 
be given a single dose of penicillin or a 7- to 10-day 
course of erythromycin. If contacts of cases are 
employed in occupations that involve handling 
food or working with children who may not be im¬ 
munized, the contacts should be excluded from 
work until they are proven not to be carriers. If con¬ 
tacts have been immunized, they should receive a 
booster dose of diphtheria toxoid. If contacts have 
no history of immunization, a primary series should 
be started, using Td, DT, DTP, or DTP-Hib vaccine, 
depending on each contact's age. 10 

The cornerstone of prevention remains an active 
immunization program. It has its roots in the work 
of Theobald Smith in 1907. He noted that long-last¬ 
ing immunity to diphtheria could be produced in 
guinea pigs by injection of mixtures of diphtheria 
toxin and antitoxin. The presence of antibodies to 
the toxin ensures clinical immunity. To provide pro¬ 


tection against diphtheria, the toxin is rendered into 
a toxoid by using formaldehyde to destroy the en¬ 
zymatic capabilities of the toxin while allowing it 
to retain its immunogenicity. This concept was dem¬ 
onstrated by Ramon in the 1920s. 125 

By the mid-1940s, diphtheria toxoid was com¬ 
bined with tetanus toxoid and pertussis vaccine in 
the now familiar diphtheria, tetanus, and pertussis 
vaccine combination, called DTP. Five doses are rec¬ 
ommended for children at ages 2, 4, 6, 15, and 18 
months and at school entry before the seventh birth¬ 
day. It can be safely administered with other vac¬ 
cines (eg, H influenzae type b vaccine; hepatitis B 
vaccine; live, attenuated measles-mumps-rubella 
vaccine) without loss of efficacy. DTP contains be¬ 
tween 10 and 20 Lf (Loeffler units) per immunizing 
dose of 0.5 mL. The formulation for adults, Td, con¬ 
tains the same amount of tetanus toxoid as does 
DTP, but the amount of diphtheria toxoid is reduced 
to 2 Lf per dose. Seventy percent or more of a child¬ 
hood population must be immune to diphtheria to 
prevent major community outbreaks. 125 Because of the 
concern about the proportion of susceptible adults, it 
is imperative that immunity to diphtheria be sustained 
by booster doses of Td every 10 years. 

Service members' immunization records are 
screened before deployments and, when indicated, 
the personnel receive Td boosters every 10 years. 44 
With the US military's ever increasing international 
role in operations other than war and recent joint 
training missions to places such as Ukraine, where 
diphtheria has become epidemic, it is imperative 
that vaccine status be vigilantly screened and per¬ 
sonnel be appropriately immunized. 

[Paula K. Underwood] 


POLIO 


Introduction and Military Relevance 

Polio is an enterovirus, spread person to person 
through the fecal-oral route. At the most severe end 
of the clinical spectrum, it can cause a flaccid paralysis, 
respiratory failure, and death; most often, though, 
infection is mild or asymptomatic. It is difficult today 
to imagine the widespread terror that polio 
caused in the American public in the 1940s and 
1950s. Anyone, including a future president of the 
United States, could be stricken with polio, and 
parents even kept their children from public 
swimming pools in fear of it. Although now it has 
been eradicated from the Western hemisphere, polio 
remains a problem throughout many developing 
countries, especially in India and sub-Saharan Africa. 


The World Health Organization's Global Poliomyelitis 
Eradication Initiative has reduced the number of 
reported cases of polio worldwide by more than 80% 
since the mid-1980s. 130 The goal, also ascribed to by 
Rotary International, the United Nations Children's 
Fund, and the Centers for Disease Control and 
Prevention, was to eradicate polio worldwide by the 
year 2000. 131 Certification of the complete interruption 
of indigenous transmission of wild polio virus is 
expected by 2005. 132 

Polio has not been considered an important dis¬ 
ease in military forces primarily because 90% of the 
paralytic polio cases occur in persons younger than 
20 years of age. During World War I, there were only 
69 diagnosed cases. 112pll0 “ 114 But because of the seri¬ 
ousness of the disease, the probability that service 
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members will be deployed to endemic areas, the 
effectiveness of the preventive measures, and the 
worldwide effort to eradicate polio, polio vaccina¬ 
tion remains an important component of military 
preventive medicine. 

Description of the Pathogen 

Polio is an enterovirus, an RNA virus belonging 
to the family Picornaviridae. There are three distinct 
serotypes: 1, 2, and 3. 

Epidemiology 

Transmission 

Humans are the sole reservoir of polio, and no 
permanent carrier state is known. Polio is transmit¬ 
ted by the fecal-oral route but can also be spread 
by direct contact with nasal and throat discharges 
via respiratory particles—an oral-oral route. Polio¬ 
viruses are transient inhabitants of the human ali¬ 
mentary tract and can be detected in the throat or 
lower intestine. 131 Although highly contagious, most 
infections are subclinical. The ratio of inapparent 
infections to overt cases is greater than 100:1 and 
can be as large a difference as 1,000:1. 133 Symptom¬ 
less infected persons, as well as overt cases, can 
spread infection. 

Paralytic polio tends to appear sporadically; usu¬ 
ally there is no clear connection among cases. Even 
though a family has only one case of paralytic po¬ 
lio, the other family members may be infected. In 
fact, the prevalence of infection is highest among 
household contacts. The virus disseminates so rap¬ 
idly that by the time the first case is recognized in a 
family, all the susceptible family members can al¬ 
ready be infected. 134 

Geographic Distribution 

Poliovirus infection occurs worldwide, but there 
are some differences in seasonal patterns. It occurs 
year-round in the tropics, while in temperate zones 
it is most common during the summer and fall. This 
helps explain the fear in the United States of con¬ 
tracting polio from swimming pools. 

Incidence 

The virus affects all age groups, but children are 
more susceptible than adults because of their lack 
of acquired immunity. The case fatality rate is vari¬ 
able, but it is 5% to 10% higher in the older popula¬ 


tion. 134 There are three major epidemiological 
phases of poliovirus infection: endemic, epidemic, 
and vaccine-era. 

In an endemic state, polioviruses are commonly 
present. New susceptibles, usually infants, provide 
a constant supply of individuals to maintain the 
infection cycle. Women of childbearing age typically 
possess antibodies to all three serotypes of poliovi¬ 
rus, and their newborns benefit from temporary 
passive immunity. It is estimated that in develop¬ 
ing countries there were 20,000 to 25,000 cases of 
paralytic polio in 1997. 135 

At the turn of the century in the United States 
(the prevaccine era), there were periodic epidemics 
of polio. This was largely a result of the improve¬ 
ment in household hygiene and community stan¬ 
dards of sanitation. Infants and young children 
were not being exposed as early to the polioviruses. 
When they did encounter the viruses, they were 
older and more likely to experience paralysis. The 
likelihood of epidemics increased because the num¬ 
ber of susceptibles increased as the delay until ex¬ 
posure lengthened. In 1916, 80% of cases were in 
children younger than 5 years of age. From 1953 to 
1954, the annual number of paralytic cases in the 
United States was approximately 21,000. The peak 
age incidence had risen to 5 to 9 years. One third of 
cases and two thirds of deaths were in individuals 
older than 15. 134 

Paralytic poliomyelitis became a notifiable dis¬ 
ease in the United States in 1951. Case ascertain¬ 
ment methods have not changed since 1958, when 
the Centers for Disease Control and Prevention 
(then known as the Communicable Disease Cen¬ 
ter) began classifying cases of paralytic poliomy¬ 
elitis according to criteria known as the "best 
available paralytic poliomyelitis case count" or 
BAPPCC. This count included only cases of po¬ 
liomyelitis that caused permanent paralysis. 
These criteria omitted cases caused by enterovi¬ 
ruses other than polioviruses. Since 1975, cases 
have been classified according to criteria known 
as the "epidemiological classification of paralytic 
poliomyelitis cases" (ECPPC). This classification 
describes cases as epidemic, endemic, imported, 
or occurring in immunodeficient individuals. 136 

In the vaccine-era, polio has become a rare dis¬ 
ease in the United States. Administration of live oral 
polio vaccine (OPV) has halted epidemics in 
progress and has greatly reduced the incidence of 
polio. Poliovirus vaccines have decreased by 99.9% 
the annual number of reported cases of paralytic 
polio in the United States—from 21,269 in 1954 to 6 
in 1991. 137 
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Recruits in basic training have been immunized 
against polio since the introduction of an effective 
vaccine in 1955. A 1989 national serosurvey of US 
Army recruits showed that poliovirus seronegativ- 
ity rates were similar across demographic sub¬ 
groups. When looking at seronegativity by birth 
cohort, it was apparent that seronegativity to type 
3 poliovirus has not clearly lessened. 14 

The wild type of polio was officially declared 
eradicated from the Americas on September 29, 
1994, by the International Commission for the Cer¬ 
tification of Poliomyelitis Eradication in the Ameri¬ 
cas. The last confirmed case occurred on August 21, 
1991 in Peru. 138 The few cases that occur now in the 
United States are related to the polio vaccine. A 
study 139 of cases occurring from 1973 through 1984 
in the United States revealed 138 cases of paralytic 
poliomyelitis, of which 105 (76%) were associated 
with receipt of OPV. Thirty five of the cases occurred 
in individuals who had received OPV, 50 in con¬ 
tacts of OPV recipients, 14 in previously undiag¬ 
nosed immunodeficient individuals, and 6 in those 
with no history of either receipt of OPV or contact 
with recent OPV recipients and were assumed to 
have had community contact with an OPV recipient. 

An approximation is made of the frequency of 
paralytic polio by estimating ratios of vaccine-as¬ 
sociated cases to net doses of OPV distributed. The 
overall ratio was found to be one case per 2.4 million 
to 2.6 million doses distributed, including cases in 
immunodeficient patients and cases in persons with¬ 
out a history of having received a recent vaccine. 130,139 
Annual numbers of cases have been reduced to as 
few as 3 per 100 million resident population. In 
immunologically normal recipients, the risk of pa¬ 
ralysis following OPV is 1 case per 6.2 million doses. 
The risk to close contacts of OPV recipients is 1 case 
per 7.6 million doses. 130 

Pathogenesis and Clinical Findings 

The virus enters the alimentary tract and multi¬ 
plies locally. It then appears in the throat and the 
stools. The virus is excreted in stools for several 
weeks and is present in the pharynx 1 to 2 weeks 
after infection. Secondary spread occurs through the 
bloodstream and reaches other tissues, to include 
the lymph nodes, brown fat, and the central ner¬ 
vous system (CNS). 134 The invasion of the CNS oc¬ 
curs several days after the virus has entered the 
bloodstream. By this time, antibody has already 
been produced and is detectable. 

The incubation period is 7 to 14 days, but can 
range from 3 to 18 days or longer. If present, the 


symptoms are nonspecific at first and can include 
fever, malaise, headache, drowsiness, constipation, 
sore throat, nausea, and vomiting. This constella¬ 
tion of symptoms can present in any combination. 
Two basic patterns of illness exist: (1) a minor or 
abortive type and (2) a major type, which can be 
either paralytic or nonparalytic. Only 1% of infec¬ 
tions result in paralysis. The paralytic-type pattern 
is demonstrated after several symptomless days with 
a reappearance of symptoms, such as reoccurrence 
of fever, meningeal irritation, and paralysis, 5 to 10 
days later. 140 Acute flaccid paralysis, characteristic 
of poliomyelitis, results when there is multiplica¬ 
tion of the virus within the CNS with subsequent 
destruction of motor neurons. In children younger 
than 5 years old, paralysis of one leg is most com¬ 
monly seen, but in patients 5 to 15 years of age, 
weakness of one arm or paraplegia is frequent. 
Quadriplegia is most common in adults. About 1% 
of cases develop aseptic meningitis. 10p398_405 

Even many years after infection, there can be a 
reoccurrence of problems. Twenty-five percent of 
individuals who had paralytic polio in the 1940s and 
1950s have had a recrudescence of paralysis and 
muscle wasting by the 1990s. This is referred to as 
post-polio syndrome and has been reported only 
in people who were infected during the time when 
wild-type poliovirus was in circulation. Patients 
may experience an exacerbation of their already 
existing weakness, or they may go on to develop 
new weakness or paralysis. 130 The late effects may 
be associated with the changes of aging and further 
loss of anterior horn cells, the neurons that have 
been depleted by an earlier poliovirus infection. 141 
Alternatively, there is evidence to suggest that 
poliovirus can persist in postpolio patients. 142 

Diagnostic Approaches 

Enteroviruses, such as poliovirus, are exceed¬ 
ingly common. Other enteroviruses can be found 
in stools of patients with symptoms resembling 
all but the most severe paralytic manifestations 
of polio. Cultures of human or monkey cells are 
used to recover and identify the polioviruses. 
Throat or rectal swabs can be used. Stool cultures 
yield the greatest likelihood for positive identi¬ 
fication of the virus, but they must be collected 
in a timely fashion to increase the likelihood of 
case confirmation. 130 The virus can be found in 
80% of patients during the first 2 weeks of ill¬ 
ness. It is very difficult to isolate the virus from 
the cerebrospinal fluid. Neutralizing antibodies, 
which should be assessed for each of the three 
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polio serotypes, are formed early; paired serum 
specimens show a 4-fold rise in antibody titer after 
3 weeks. Cases must be clinically and epidemio- 
logically compatible with poliomyelitis, must have 
resulted in paralysis, and must have a residual 
neurological deficit 60 days after onset of initial 
symptoms. 136 If a child or a young adult has any 
asymmetric flaccid limb paralysis or bulbar palsies 
without sensory loss during a febrile illness, this 
almost always is indicative of poliomyelitis. How¬ 
ever, the diagnosis of polio cannot be reliably diag¬ 
nosed solely on the basis of clinical presentation. 143 
In reality, the only reliable method of diagnosing 
polio is by isolation of the virus from the stool. It is 
not possible to definitely distinguish polio and 
Guillain-Barre syndrome purely on the basis of 
clinical findings, because polio may have an atypi¬ 
cal presentation. 144 Guillain-Barre may progress for 
up to 4 weeks, but polio usually manifests the 
maximum extent of paralysis within 4 days. 145 
The differential diagnosis of paralytic polio also 
includes tick paralysis, insecticide poisoning, 
botulism, trichinosis, transverse myelitis, and 
various neuropathies. 

Recommendations for Therapy and Control 

Historically, quarantine was the only method of 
control. It was imposed for 3 weeks after the occur¬ 
rence of the last diagnosed case. In 1940, Dunham's 
Military Preventive Medicine 112 noted that chemical 
prophylaxis (an olfactory mucosal spray of 0.5% 
picric acid and 0.5% sodium alum in 0.85% saline 
solution) was believed to be useful, but it was never 
proved to be effective in preventing polio. 

The first polio vaccine, an inactivated polio vac¬ 
cine (IPV) was developed by Jonas Salk following 
the successful propagation of poliovirus in tissue 
cultures by Enders, Weller, and Robbins. Use of IPV 
dramatically reduced cases of paralytic polio, from 
21,269 cases in 1952 to 980 in 1961. 146 Later Albert 
Sabin and fellow researchers introduced the live OPV. 
It has been considered one of the safest vaccines in 
use. The first large-scale production of OPV took place 
in the Soviet Union, when a mass immunization cam¬ 
paign in 1959 and 1960 covered 77.5 million people. 
This resulted in a sharp decrease in incidence, from 
10.6 per 100,000 in 1958 to 0.43 per 100,000 in 1963. 134 
Routine use of live oral attenuated poliomyelitis vac¬ 
cines was begun in many countries during the spring 
of 1960. OPV became a routine vaccine for childhood 
immunization. 147 At that time, monovalent vaccines 
were used, incorporating each serotype separately. 
The trivalent vaccine, with its mixture of three sero¬ 


types of attenuated polioviruses, replaced this meth¬ 
odology in 1965 and has become the standard. Live 
OPV prevents paralytic polio by inducing two dis¬ 
tinct types of antibodies: a local secretory antibody at 
the primary sites of virus multiplication in the alimen¬ 
tary tract and a humoral antibody, which prevents 
virus from reaching and invading the CNS. Vacci¬ 
nation effectively interrupts secondary spread of 
the virus to the CNS by induction of antibodies. Per¬ 
sistence of protection is clearly demonstrated by the 
great reductions in cases of polio in all areas of the 
world where OPV is used. 

In 1973, the World Health Organization (WHO) 
established a Consultative Group on Poliomyelitis, 
which serves as the custodian of Sabin's attenuated 
vaccine strains. There are 16 manufacturers of vac¬ 
cine around the world; two use human diploid cells 
for growing their vaccine viruses and 14 use Afri¬ 
can green monkey kidney cells. In 1978, an en- 
hanced-potency IPV was developed and found to 
be more immunogenic for both children and adults 
than the previous formulation of IPV. 130 

Because the risk of polio has been eradicated in 
the Americas, the only polio cases occurring within 
the United States since 1979 are those secondary to 
receipt of the oral polio vaccine. To reduce the 
amount of vaccine-associated paralytic poliomyeli¬ 
tis (VAPP), the Advisory Committee on Immuniza¬ 
tion Practices (ACIP) changed the recommendations 
for polio vaccine in 1997. The recommended sched¬ 
ule consisted of IPV given at 2 and 4 months, fol¬ 
lowed by OPV at 12 to 18 months and 4 to 6 years. 
With the progression of the global polio eradication 
campaign, the likelihood of importing poliovirus 
into the United States decreased substantially. Be¬ 
cause the sequential schedule was well accepted 
without any concurrent decline in childhood immu¬ 
nization coverage, the ACIP made new recommen¬ 
dations in June 1999 to go to an all-IPV schedule. 
This, all children should receive IPV at 2, 4, and 6 
to 18 months at 4 to 6 years. Sole use of IPV in vac¬ 
cination against polio carries no risk of VAPP or 
secondary transmission of the vaccine virus. 133 

The Global Poliomyelitis Eradication Initiative 
relies heavily on the use of OPV, one of the limita¬ 
tions of which is the need to preserve the cold chain 
to ensure its potency. OPV requires storage at tem¬ 
peratures of below 0°C (32°P). It should also not be 
administered to immunocompromised individuals 
because of their increased risk for VAPP, though the 
WHO does recommend its use in infants infected 
with human immunodeficiency virus who are sub¬ 
ject to polio exposure. OPV is contraindicated for 
use in households with immunodeficient individu- 
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als, because the vaccine virus is excreted in the stool 
for 6 to 8 weeks and can infect the immunocom¬ 
promised person. IPV is a better choice for those 
individuals. Other key elements of effective eradi¬ 
cation of wild poliovirus are case detection and 
immediate action to eliminate foci of persistent in¬ 
fection with "mopping up" techniques. This in¬ 
volves administration of OPV to children on a 
house-to-house basis, then repeating the task 4 to 6 
weeks later. Any child under the age of 5 years who 
has an acute flaccid paralysis for which no cause 
can be identified or any child who has a paralytic 
illness at any age can be considered suspected cases 
of polio. The WHO recommends that OPV be given 
concurrently with vaccines against diphtheria, teta¬ 
nus, and pertussis at 6, 10, and 14 weeks of age. 147 
In polio-endemic countries, an additional dose at 
birth is recommended. 69p465 “ 470 It has been noted that 
in tropical climates seroconversion following three 
doses of OPV was often lower than in temperate 
climates. Mass administration of OPV led to a dra¬ 
matic reduction in the incidence of polio in Brazil 
during 1980 and showed the role National Immu¬ 
nization Days can play in polio eradication. In spite 
of failed individual seroconversion, the wild polio¬ 


virus can still be eliminated with mass immuniza¬ 
tion strategies. 147 

As long as polio exists elsewhere, there will always 
be the risk of importation of the wild-type virus into 
the United States. Therefore, it is crucial not to be¬ 
come complacent about immunization, the only ef¬ 
fective defense against polio. 134 Population immunity 
can be maintained by vaccinating children early in 
their first year of life. 130 At least 440,000 cases of para¬ 
lytic polio have been prevented annually by the use 
of live OPV, according to WHO estimates. 134 

Because military personnel deploy to and live in 
areas of the world where polio is endemic, their risk 
of exposure is a real one. It is and will remain im¬ 
perative to assure high levels of immunity in ser¬ 
vice members. Persons who have had a primary 
series of OPV or IPV and who will be exposed to 
polio, as might happen on military deployments, 
may as adults receive another booster dose of ei¬ 
ther OPV or IPV. Adults who have not previously 
been vaccinated with OPV should receive the IPV 
series prior to travel. The need for additional 
booster doses of either OPV or IPV has not yet been 
established. 130 

[Paula K. Underwood] 
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INTRODUCTION 


Long-established concepts of infection control, 
plus those that have achieved prominence since rec¬ 
ognition of the bloodborne human immunodefi¬ 
ciency virus (HIV), pose challenges even to fixed 
health care facilities in peacetime. Medical care un¬ 
der deployed conditions, especially in combat, 
stretches the feasibility of infection control ap¬ 
proaches, yet patients and their providers still deserve 
the best care that the circumstances allow. During 
deployments, uncommon and unique infection con¬ 
trol hazards must be appreciated by providers who 
normally work in well-equipped and well-staffed 
fixed facilities. On the battlefield, infection control 
must extend from semi-fixed facilities through 
rapidly mobile units to the warfighter. Medical per¬ 
sonnel must recognize that mass casualty situations 
under fire, biological warfare, challenging logistics, 
care of non-US patients, natural environmental hazards, 
and exotic infectious diseases call for innovative ad¬ 
aptations of the US fixed-facility model of infection 
control. Though much research remains to be done 
and doctrine to be written, prudent and creative ap¬ 
plication of basic principles can help achieve success¬ 
ful infection control in the field setting. 

Prevention and control of infection in military 
medical settings is in some respects more impor¬ 
tant during deployment than it is during more 
stable operations, such as occur in military hospi¬ 
tals in the United States. Infections that not only 
cause needless morbidity and mortality and 
threaten the well-being of other warfighter-patients 
also put a drain on what may be an already over¬ 
taxed health care and medical evacuation system. 
If key health care providers must be placed under 
isolation because they have been exposed to dis¬ 
eases such as Crimean-Congo hemorrhagic fever or 
Lassa fever, health care can be compromised for 
many current and future patients. Provider anxiety 
over potential exposure to bloodborne pathogens 
can also affect performance. 

Infection control challenges in the deployed set¬ 
ting may be compounded by higher rates of antibi¬ 
otic resistance in many overseas settings; greater 
susceptibility to common infectious diseases such 
as rubella, mumps, and varicella among some pa¬ 
tients from allied forces; the greater possibility of 
transmissible infections such as tuberculosis among 
local-hire workers; logistic delays; and bloodborne 


pathogens. Biological warfare involving a transmis¬ 
sible agent such as smallpox would dwarf any pre¬ 
vious infection control concern. These scenarios 
may be well beyond those envisioned by current 
US occupational safety standards. Infection control 
problems arising on deployments may reach back 
to US-based fixed facilities. The growing emphasis 
on rapid medical evacuation may result in the im¬ 
portation into the United States of infection control 
problems, such as previously unknown drug-resis¬ 
tant organisms or exotic emerging infections. 

In the civilian sector, the amount of attention paid 
to controlling the spread of infection in medical fa¬ 
cilities is related broadly to the level of general 
health care. This, in turn, depends on the country's 
degree of development. At one end of the spectrum, 
infection control and prevention practices may be 
ignored by the lower-echelon health care worker; 
the practices are simply left up to the initiative and 
concern of individual physicians and nurses. At the 
other end of the spectrum are facilities that prac¬ 
tice all of the Northern American or European mod¬ 
els of infection control, complete with surveillance 
activities and outcome measures. 

Since deployment may occur anywhere in the 
world and since other cultures and geographic ar¬ 
eas pose different challenges in infectious disease 
prevention, general concepts will be the focus of this 
chapter. Instituting infection control and prevention 
practices during deployment will present varying 
levels of difficulty and require varying levels of cre¬ 
ativity, depending on the mission, geographic area, 
logistical support, and beliefs of the local people about 
health and medicine. Local people who are hired to 
work for the military medical unit may not under¬ 
stand why certain practices are mandated; they may 
also be a source of infection or contribute to transmis¬ 
sion themselves if, for example, they have undetec¬ 
ted tuberculosis or continue to work (to produce 
income) while they have an enteric illness. Major edu¬ 
cational efforts may be necessary for such personnel, 
with particular attention paid to cultural misunder¬ 
standings concerning the transmission of infectious 
diseases. The challenge to the military medical sys¬ 
tem while under deployment conditions is not only 
to improvise in incorporating practices familiar to the 
US-based practitioner but also to bridge this gap be¬ 
tween those practices and local circumstances. 


ELEMENTS OF AN INFECTION CONTROL PROGRAM 

An effective infection control and prevention a deployed environment should be based as much 
program for military and nonmilitary personnel in as possible on the same elements and principles that 
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guide such programs in garrison. Because of the 
austerity of the deployed environment, though, 
common sense and creativity may be needed to 
adjust to the situation at hand. Health care work¬ 
ers must first understand that while infection con¬ 
trol principles remain the same, the infection 
control threat under deployed conditions may be 
different and more complicated than normal. Health 
care workers at all levels need to be educated con¬ 
cerning how a deployment scenario may call for 
particular and even unfamiliar infection control 
emphases. For example, patient-to-patient transmis¬ 
sion of a vector-borne infection such as dengue 
would not typically be an issue in the controlled 
environments of a US hospital, but bednets may be 
essential to protect staff and patients if mosquitoes 
are present in a deployed hospital with viremic 
dengue patients. 

Infection control encompasses those policies, 
procedures, and concepts necessary to minimize the 
transmission of infectious diseases in the health care 
setting. Successful infection control programs usually 
have an active multidisciplinary infection control com¬ 
mittee; proactive surveillance; effective methods for 
isolating patients and specimens that pose a risk to 
others; an occupational health program; policies re¬ 
garding antibiotic use, aseptic technique, and facility 
sanitation; and access to at least basic microbiological 
laboratory support. The underpinning of a success¬ 
ful program is regular education and communication. 
Infection control must be given emphasis and respon¬ 
sible personnel to be successful. 

THE INFECTION C< 

While most infection control committees are fo¬ 
cused on and based in hospitals, on deployment 
infection control must be addressed at levels extend¬ 
ing from the warfighter to supporting hospitals in 
the United States. This requires layers of infection 
control management tailored to the size and circum¬ 
stances of the deployment. For this reason, there is 
no single model for how to manage infection control 
efforts in the deployed setting. Individuals should be 
formally appointed to manage this function. 

The committee has several key functions; it formu¬ 
lates theater-specific infection control policies, over¬ 
sees surveillance activities, develops appropriate 
medical education, and evaluates the program. This 
group should also, recognizing resource limitations, 
advise medical commanders on what infection con¬ 
trol programs and settings deserve the highest pri¬ 
ority. The frequency of meetings will depend on the 
maturity of the theater and the complexity of the 


Infection control policies have to address both 
facility-acquired and community-acquired infec¬ 
tions. Facility-acquired infections, also known as 
nosocomial infections, are generally defined as 
those infections that are neither present nor incu¬ 
bating at the time of admission to a facility but de¬ 
velop 48 to 72 hours afterward, unless the infection 
is clearly related to a procedure or exposure that 
occurred within the first 48 to 72 hours of hospital¬ 
ization. Criteria for defining such infections have 
been outlined by the Centers for Disease Control 
and Prevention (CDC) and should be used by mili¬ 
tary personnel. 1 Community-acquired infections are 
generally considered to be all infections that arise 
from exposures outside the facility. In this chapter, 
"facility" refers to any setting in which patients are 
treated, including hospitals, clinics, or forward 
treatment areas. 

According to Meers, 2 the problems of facility-trans¬ 
mitted infections in developing or war-ravaged 
countries are 2-fold. The first is communication 
between the medical personnel and patients. The 
second is the spectrum of diseases. Some commu¬ 
nity-acquired infections that are viewed as major 
problems in the United States are seen as minor 
problems or everyday occurrences in other nations 
and cultures (eg, tuberculosis, hepatitis). This can 
also be true of infections that are transmitted within 
the facility. An understanding of local attitudes to¬ 
wards infections and infectious diseases may be 
crucial to the successful prevention of infections in 
a deployed environment. 

TROL COMMITTEE 

medical care system being put into place. Efficiency 
may require meetings by individuals responsible for 
specific parts of the health care continuum. Mem¬ 
bership on the infection control committee, and any 
subcommittees, should reflect the expertise of cli¬ 
nicians (to include medics), clinical nurses, preven¬ 
tive medicine and environmental science officers, 
an epidemiologist or a surveillance nurse, the phar¬ 
macist, medical regulators involved with moving 
patients, and laboratorians. 

The committee should develop appropriate 
medical education for all medical personnel, but 
special emphasis should be placed on education for 
nurses because of their intense contact with patients 
and implementation of standard procedures. The 
committee can also help clinicians in the theater by 
researching and reporting local antibiotic-resistance 
patterns. Another important educational focus 
should be the avoidance of occupational injuries 
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from contaminated sharps and medical waste. 
Nonclinicians who may find themselves involved 
in patient care (eg, first aid and triage personnel, 
litter carriers) should be taught how to protect 


themselves from bloodborne infections. Regular 
feedback of infection control information, includ¬ 
ing surveillance data, to supported facilities is 
desirable. 


SURVEILLANCE 


If a military unit will be stationary for some pe¬ 
riod of time, a program for nosocomial infection 
surveillance should be instituted. Ideally, the de¬ 
ployed unit will already have in place policies and 
procedures for such a program and will only need to 
implement them. Since microbiological laboratory 
support may be minimal, if it is present at all, other 
information about patients (eg, unexplained fevers, 
new rashes, purulent drainage from wounds) will 
need to serve as markers for the possible spread of 
nosocomial infection. Considering that resources 
are often constrained in the deployment setting, a 
role of the infection control committee will likely 
be to prioritize surveillance efforts. This may in¬ 


volve targeting specific high-risk facilities or wards, 
rotating surveillance of lower-risk wards, and fo¬ 
cusing on infections associated with the highest 
mortality (eg, bacteremia, pneumonia). 

One individual should be designated to perform 
surveillance "rounds" of the patients in the medi¬ 
cal treatment facility at least once a week, using 
patient records, written or oral nursing reports, and 
pharmacy and laboratory records as primary 
sources of data and clues as to which patients have 
nosocomial infections. For example, more scrutiny 
might be given to those whose records show sug¬ 
gestive antibiotic prescriptions, intravenous cath¬ 
eter sites, wound dressing changes, or abnormal 


EXHIBIT 40-1 


CASE DEFINITION FOR SUSPECTED EBOLA HEMORRHAGIC FEVER 

The following case definition may be useful for surveillance in an area at recognized risk for the emergence 

of Ebola hemorrhagic fever. 


Anyone presenting with fever and signs of bleeding 

OR 

such as: 

Anyone living or deceased with a history of fever 

• Bleeding of the gums 

AND 

• Bleeding from the nose 

three of the following symptoms: 

• Red eyes 

• Headache 

• Bleeding into the skin 

• Vomiting 

• Bloody or dark stools 

• Loss of appetite 

• Vomiting blood 

• Diarrhea 

• Other unexplained signs of bleeding 

Whether or not there is a history of contact 
with a suspected case of Ebola 

OR 

• Weakness of severe fatigue 

• Abdominal pain 

• Generalized muscle or joint pain 

• Difficulty swallowing 

Anyone living or deceased with: 

• Contact with a suspected case of Ebola 

• Difficulty breathing 

AND 

• Hiccups 

• A history of fever, with or without signs of 

OR 

bleeding 

Any unexplained death in an area with suspected 
cases of Ebola 

Source: Centers for Disease Control and Prevention. Infection 
Setting. Atlanta: CDC; 1999. 

Control for Viral Hemorrhagic Fevers in the African Health Care 
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fever curves. Such a program in a deployed unit 
would not give primary emphasis to the compila¬ 
tion of reports and the calculation of infection rates, 
although that would be useful information for fu¬ 
ture deployments, but would rather gain early in¬ 
formation on the possible nosocomial clusters or 
epidemics and prioritize appropriate measures to 
halt the spread of infection to uninfected patients. 
The individual performing infection surveillance 
may also monitor compliance with the military 
unit's infection control policies and procedures 
during the course of rounds, possibly using a pre¬ 
viously developed checklist. 

Surveillance at the point of admission (eg, aid 
station, clinic, hospital) for patients with certain 
syndromes or specific diagnoses is indicated. In 
certain scenarios, the admission of patients who 
potentially have highly transmissible conditions 
must be anticipated so that these cases can be iso¬ 
lated rapidly and environmental contamination 
minimized. Staff involved with the admission pro¬ 
cess must be alerted to the medical threat for the 
region and kept informed of up-to-date medical 
intelligence. It is advisable to have training sessions 
and standard operating procedures so that patients 
with conditions such as active tuberculosis and vi¬ 
ral hemorrhagic fevers are recognized promptly and 
safely isolated. Exhibits 40-1 and 40-2 outline case 
definitions, developed for use in Africa, that may 
be useful for identifying at the time of presentation 
patients who may have Ebola fever or Lassa hem¬ 
orrhagic fever. 

The military practice of medical evacuation 
through echelons of care complicates infection con¬ 
trol surveillance since patients may acquire infec¬ 
tions in one location and manifest them at another 

OCCUPATIONAL HEALTH FOR D 

Health care workers in the deployed setting may 
face particular challenges because of patient care 
requirements in austere, combat conditions and 
contact with injured or ill local persons. Care of 
wounded US forces poses obvious risks, but care of 
personnel from other countries can be more haz¬ 
ardous. In many overseas areas, prevalence rates 
of chronic hepatitis B virus carriage exceed 5%. 3 This 
explains why any member of the military medical 
departments who could potentially be involved 
with not only patient care but also triage and pa¬ 
tient transport should be fully immunized. In some 
parts of the world, the HIV infection rates in sol¬ 
diers exceed 30%. 4 The US military health care sys¬ 
tem must be prepared to handle a higher risk to 


EXHIBIT 40-2 

CASE DEFINITION FOR SUSPECTED 
LASSA HEMORRHAGIC FEVER 


Unexplained fever at least 38°C (100.4°F) for 1 
week or more 

AND 

One of the following: 

• No response to standard treatment for 
most likely cause of fever (malaria, typhoid 
fever) 

• Readmitted within 3 weeks of inpatient 
care for an illness with fever 

AND 

One of the following: 

• Edema or bleeding 

• Sore throat and retrosternal pain or 
vomiting 

• Spontaneous abortion following fever 

• Hearing loss following fever 

Source: Centers for Disease Control and Prevention. Infec¬ 
tion Control for Viral Hemorrhagic Fevers in the African Health 
Care Setting. Atlanta: CDC; 1999. 


echelon thousands of miles away. The dynamic ebb 
and flow of casualties further complicates recognition 
of changes in the rate of infections. Feedback mecha¬ 
nisms should be developed to inform the theater 
surgeon of clusters or epidemics in evacuated per¬ 
sonnel that might have come from theater exposures. 

.OYED HEALTH CARE WORKERS 

health care personnel of inadvertent exposures to 
HIV and other bloodborne pathogens than would 
be the case in a typical military fixed facility. Cur¬ 
rently recommended prophylactic antiretroviral 
regimens must be immediately available for use 
(Table 40-1). 5 US military health care workers 
should also anticipate the greater possibility of ex¬ 
posure to agents such as measles, rubella, mumps, 
varicella, hepatitis A, and polio. Whereas the fur¬ 
lough of a susceptible health care provider exposed 
to varicella in peacetime may be an inconvenience, 
in a deployed setting such a loss can have a major 
impact on unit performance. If immunity is in 
doubt, the health care worker should be screened 
and, if indicated, immunized. Childhood and military 
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TABLE 40-1 

BASIC AND EXPANDED HIV POSTEXPOSURE PROPHYLAXIS REGIMENS* 


Regimen 

Category 

Application 

Drug Regimen 

Basic 

Occupational HIV exposures for which 
there is a recognized transmission risk 

4 wk (28 d) of both zidovudine 600 mg every day in 
divided doses (ie, 300 mg twice/d, 200 mg three 
times/d, or 100 mg every 4 h) and lamivudine 150 mg 
twice / d 

Expanded 

Occupational HIV exposures that pose an 
increased risk for transmission (eg, larger 
volume of blood and/or higher virus titer 
in blood) 

Basic regimen plus either indinavir^ 800 mg every 8 h 
or nelfinavir 750 mg 3 times/d 


These drug recommendations are current as of August 2000. Because these regimens changed rapidly, the reader is urged to check 
with the Centers for Disease Control and Prevention for the most up-to-date recommendations at www.cdc.gov. 
hdinavir should be taken on an empty stomach and with increased fluid consumption (ie, drinking six 8 oz glasses of water 
throughout the day); nelfinavir should be taken with meals. 

Source: Centers for Disease Control and Prevention. Public Health Service guidelines for the management of health-care worker 
exposures to HIV and recommendations for postexposure prophylaxis. MMWR. 1998;47(RR-7):l-28. 


immunization practices are now associated with 
high rates of immunity to most of these agents in 
US forces. However, these agents remain common 
in some parts of the world. Many members of mul¬ 
tinational coalitions, even from some developed 
countries, are susceptible to some of these agents 
due to differences in immunization practice. 6 

The likelihood of a US military health care worker 
being exposed to tuberculosis is significant in certain 


refugee situations and may necessitate respiratory 
protection and predeployment and postdeployment 
screening. 7 The military health care system should also 
be prepared to provide prophylaxis in the event of 
exposures to meningococcal and other infections. In 
addition to these measures, thorough education on 
basic items such as the need for frequent handwashing 
and the use of barrier equipment remains central to 
proper occupational health in the deployed setting. 


THREE LEVELS OF INFECTION CONTROL 


An infection control program in the deployed 
setting should be based on three levels of control. 
First is the prevention of transmission of infection 
through the faithful practices of handwashing, asep¬ 
tic technique, and sanitation. Second is the control 
of sources of contamination by disinfection or ster¬ 
ilization of articles. Third is the protection of 
uninfected patients and health care workers 
through the appropriate and judicious use of isola¬ 
tion of patients who have infections, through proper 
specimen handling, and through the use of other 
measures such as immunization. 

Control Level 1: Sanitary Practices 

The first level of control in an infection control 
program during deployment is the prevention of 
transmission by thorough handwashing, aseptic 
technique, and sanitation. 

Handwashing in a deployed setting may require 


creativity but must be enforced. Handwashing is 
the most single important element in the preven¬ 
tion of infection. 8 It not only prevents transmission 
of infection between patients but, if done conscien¬ 
tiously, prevents health care workers from becom¬ 
ing casualties themselves. There are at least four 
methods of providing handwashing facilities in a 
deployed setting, assuming that the deployed unit 
is not in a fixed facility with running water. 

Handwashing 

The preferred handwashing facility in a deployed 
unit would be a portable sink, in which a foot pump 
or other pump supplies running water. The second 
method would be a Lyster bag, or some method of 
suspending 5-gal cans of water, which would also 
serve as a source of running water. The third choice 
would be to use alcohol-based handwashing 
towelettes that are individual and disposable or 
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alcohol-based disinfectant waterless hand foams or 
lotions. This may be the most practical approach for 
medics and others with very limited resources at their 
disposal. It should be noted, however, that blood, dirt, 
and any organic material should be removed with 
water before using waterless cleaners. There is a prob¬ 
lem with this third choice, however, if a residue from 
the towelettes, foams, or lotions accumulates on the 
hands. Then the use of soap and water becomes man¬ 
datory. The last resort would be a basin of water in 
which some type of antiseptic (eg, povidine-iodine, 
chlorhexidine) has been added, accompanied by a 
basin of clear water for rinsing. It should be empha¬ 
sized, however, that this "bird bath" is an absolute 
last resort. As suboptimal as this method is, it will at 
least remove blood, dirt, and organic matter from the 
hands, thus allowing personnel to then use a water¬ 
less hand antiseptic. The "bird bath" contents, how¬ 
ever, need to be changed frequently, perhaps hourly, 
to prevent the buildup of organic material in the wa¬ 
ter. Those allergic to the antiseptic may be precluded 
from using this method. 

All of these methods require that three items be 
available: a water source, soap or antiseptic, and a 
method of drying the hands. For the lack of a paper 
towel or other drying material, busy health care 
workers may dry their hands on their clothing. If 
supplies of disposable paper towels are interrupted, 
a cloth "roller towel" could be used for hand dry¬ 
ing but only if each person has a clean, unused area 
on the towel on which to dry their hands. 

Various types of soap should be available to the 
deployed unit. For general patient care, a plain, non¬ 
antimicrobial soap can be used. Such a soap can be 
in almost any form, (ie, bar, leaflets, liquids, pow¬ 
ders). Detergent-based products may contain very 
low concentrations of antimicrobial agents used as 
preservatives. If bar soap is used, small bars that 
can be changed frequently and soap racks that pro¬ 
mote drainage should be used to minimize micro¬ 
bial growth. Before invasive or surgical procedures, 
an antimicrobial handwashing agent should be 
used. Such agents should contain alcohol, povidine- 
iodine, or chlorhexidine. 

Aseptic Technique 

Aseptic technique is the next step in this basic level 
of control. Anything that is used on what is consid¬ 
ered a sterile body cavity must be sterile—free of all 
bacteria and spores. Anything that is used on a body 
cavity that is normally contaminated with environ¬ 
mental organisms must be at least clean or disinfected. 

Aseptic technique is generally divided into two 


categories: clean technique and sterile technique. 9 
Both types must be employed in a deployed envi¬ 
ronment to the extent possible. Clean technique 
refers to practices that reduce the number of mi¬ 
croorganisms or prevent or reduce transmission of 
organisms from one person or place to another. It 
includes handwashing using soap and friction and 
cleaning patient-care areas from areas requiring the 
highest level of cleanliness to less-critical areas. 
Clean technique also refers to the use of physical 
barriers, such as gloves and gowns, to prevent con¬ 
tact with microbes. 

Sterile, or surgical, technique refers to practices 
designed to render and maintain objects and areas 
maximally free of microorganisms. This includes 
such practices as skin antisepsis before the skin is 
broken for a procedure. It also includes the concept 
of barriers (eg, sterile drapes, gowns, and gloves 
used during surgical procedures). In general, clean 
technique is employed to prevent the transmission 
of infection from patients to personnel and other 
patients, and sterile technique is used to prevent 
the transmission of infection to patients. 

Sanitation 

Effective sanitation is essential to the control of 
infections of any type in any setting and is itself a 
type of clean technique. Removal of microorganisms 
from environmental surfaces and from equipment 
and supplies that could transmit them to patients 
or from personnel to patients is basic to infection 
prevention. Florence Nightingale wrote: 

The only way I know to remove dust, the plague 
of all lovers of fresh air, is to wipe everything with 
a damp cloth. And all furnishings ought to be so 
made as that it may be wiped with a damp cloth 
without injury to itself.... 10(p89) 

Miss Nightingale's triumphs during the Crimean 
War have been well-chronicled. 11 She convincingly 
demonstrated that safe food and water and a clean 
environment could result in a major decrease in 
death rates in a military hospital. Those practices 
are no less important during deployment today 
than they were at the British military hospital in 
Scutari, Turkey, during the 1850s. 

Sanitation in deployed medical units will gener¬ 
ally be accomplished by housekeeping personnel, 
very probably employed from the local population. 
Such personnel may have to be taught an appre¬ 
ciation for the level of sanitation needed for a health 
care area. Housekeeping operations will be directed 
toward safety and the reduction of direct and indi- 
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rect transmission of infection from environmental 
sources. Improper housekeeping can actually 
spread pathogenic organisms. 

There are several basic housekeeping principles 
that need to be followed. First, some type of disin¬ 
fectant-detergent should be used for all cleaning, if 
it can be obtained. At the minimum, plain soap 
should be used. Second, all horizontal surfaces 
should be cleaned at least daily and when obviously 
soiled. Third and finally, all cleaning performed in 
a facility should employ the "damp-cleaning" 
method, that is, the materials used to clean the fur¬ 
niture, floors, and other surfaces should be wet with 
the disinfectant-detergent solution or soap before 
they are applied to the item being cleaned. 

Control Level 2: Disinfection and Sterilization 

The second level of infection prevention and con¬ 
trol in a deployed environment is the reduction of 
contamination through the proper disinfection and 
sterilization of articles. In such an environment, the 
luxury of presterilized, disposable supplies and 
equipment may not be available. Consequently, 
some types of reusable equipment that can be pro¬ 
cessed by the deployed unit should be maintained. 
Examples include bedpans and urinals that can be 
decontaminated and reused. 

Spaulding 12 recommends a rational approach to 
disinfection and sterilization of patient care items, 
which should be workable for military units dur¬ 
ing deployment. Spaulding divides the disinfection 
of patient care items into three categories: critical, 
semicritical, and noncritical. A basic principle of this 
method is that all items must be cleaned with some 
type of soap or detergent and water before being 
subjected to the next level of processing. The most 
efficient sterilization process or chemical disinfec¬ 
tant will not work unless the item is cleaned of all 
organic matter beforehand. 

Critical items are those that must be sterilized 
because they enter a body cavity that is normally 
sterile. This category includes surgical instruments, 
urinary and intravascular catheters, and intrave¬ 
nous needles. If presterilized items are not avail¬ 
able on deployment, some type of local sterilization 
procedure must be employed, such as treatment with 
a chemical sterilizing agent (eg, 2% gluteraldehyde, 
6% stabilized hydrogen peroxide). Such sterilizing 
agents may be available locally or may be brought 
in from another geographic area. Twenty percent 
hydrogen peroxide is widely available, and can be 
diluted to 6%. Cleaning must precede the treatment, 
and contact time and temperature of the sterilizing 


solution must be as recommended by the manufac¬ 
turer. Deployed units that have steam sterilization 
capability, such as autoclaves or sterilizers, should 
use them for items such as surgical instruments. 

In a deployed setting, there may be situations in 
which logistics is unable to resupply the military 
unit with sterile, disposable supplies, such as in¬ 
travascular tubing or indwelling urinary catheters. 
There are currently no US government guidelines 
for the resterilization or reprocessing of such items. 
It is recommended that rather than attempting 
resterilization, such devices should be left in place 
and not routinely changed, as they are in US-based 
facilities. The possibility of contamination would 
probably be much greater if reprocessing were at¬ 
tempted using inadequate methods than if the de¬ 
vices were simply left in place until the supply flow 
was reestablished. 

Semicritical items are objects that come in con¬ 
tact with skin or mucous membranes that are not 
intact. Examples of items in this category would 
include respiratory equipment, anesthesia equip¬ 
ment, gastrointestinal endoscopes, and thermom¬ 
eters. These objects should, if possible, be free of 
all microorganisms with the potential exception of 
bacterial spores. Semicritical items require disinfec¬ 
tion, preferably using a chemical such as 2% 
gluteraldehyde. Wet pasteurization is another 
method that can work well in a deployed setting. It 
is hot water disinfection at temperatures below 
100°C and involves exposing the equipment to 75°C 
water for 30 minutes. 9 

Noncritical items are those that come in contact 
with intact skin and mucous membranes. Examples 
of these items are bedpans, blood pressure cuffs, 
crutches, bed rails, linens, food utensils, and furni¬ 
ture. In contrast to critical and semicritical items, 
most noncritical items can simply be cleaned where 
they are used and do not need to be transported to a 
central processing area. Any safe, hospital-approved 
disinfectant-detergent solution will be adequate to 
clean these items. If questions arise regarding meth¬ 
ods of sterilization or decontamination of items, the 
military unit's operating room or central supply 
personnel should be consulted. 

Control Level 3: Isolation Procedures 

Isolation technique may be difficult in a deployed 
environment, and creativity may be necessary to 
solve the problem of disease transmission from a 
patient to others. The CDC has recommended a two- 
tiered system of isolation techniques that should 
function well in a deployed environment. 8 
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Standard Precautions 

The first tier of this system is termed "standard 
precautions." The term indicates that every patient 
who enters a military health care facility of any kind 
be treated as if he or she were carrying a pathogen 
that is transmitted through contact with mucous 
membranes, broken skin, blood, excretions, or body 
fluids (eg, HIV, a hepatitis virus). 8 Additional pre¬ 
cautions may be indicated depending on the spe¬ 
cific diagnosis. Standard precautions are designed 
to reduce the risk of transmission of microorgan¬ 
isms from both recognized and unrecognized 
sources of infection in facilities. The standard pre¬ 
cautions system consists of several basic principles, 
which should be used by all military health care 
providers (Exhibit 40-3). These principles address 
where appropriate and practical the wearing of 
gloves, gowns, masks or facial protection, eye pro¬ 
tection, patient placement, transport of infected 
patients, care of linen and dishes, routine cleaning, 
and waste disposal. Some type of barrier "kit" that 
includes gloves, masks, eye protection, and gowns 
should be available in all settings, to include mili¬ 
tary vehicles that transport patients and those that 
respond to mass casualty situations. 

Gloves are worn for three important reasons. 
First, gloves are worn to provide a protective bar¬ 
rier and prevent gross contamination of the hands 
when touching blood, body fluids, secretions, ex¬ 


cretions, mucous membranes, and nonintact skin. 
Second, they are worn to reduce the likelihood that 
microorganisms present on the hands of personnel 
will be transmitted to patients during invasive or 
other patient care procedures that involve touching a 
patient's nonintact skin or mucous membranes. 
Third, gloves are worn to reduce the likelihood that 
hands of personnel contaminated with microorgan¬ 
isms from a patient or article will transmit these mi¬ 
croorganisms to another patient. Wearing gloves does 
not replace the need for handwashing because gloves 
may have small unnoticeable defects or be torn dur¬ 
ing use, thus allowing hands to become contaminated. 
Hands may also become contaminated during the 
removal of gloves. Gloves must be changed between 
patient contacts. 

Whether latex or vinyl gloves are to be used will 
generally depend upon the task to be performed. 13 
Both types protect the health care worker from 
blood and body fluids. Latex is more flexible than 
vinyl and, since it conforms to the hands, allows 
more freedom of movement. Latex gloves have a 
network of lattices that allow them to reseal tiny 
punctures automatically, a feature not found in vi¬ 
nyl gloves. Therefore, latex gloves should be used 
in the following situations: (a) when flexibility is 
needed, such as in phlebotomy, ( b ) when perform¬ 
ing tasks that may cause stress on the glove, such 
as when handling sharp instruments or tape, and 
(c) when the exposure to pathogens may be unknown. 


EXHIBIT 40-3 

KEY ELEMENTS OF STANDARD PRECAUTIONS 

Wash hands with soap (preferably antimicrobial) before and after contact with a patient's blood, body 
fluids, or contaminated items 

Wear clean, thin gloves if there will be contact with blood, body fluids, mucous membranes, or broken skin 
and change gloves between patients and procedures 

Use a mask, eyewear, and a gown if splashes or sprays of body fluids are likely 

Handle needles and other sharp instruments safely 

Routinely clean and disinfect frequently touched environmental surfaces 
Clean and disinfect soiled laundry safely 

Isolate patients whose blood or body fluids are likely to contaminate surfaces or other patients 
Minimize invasive procedures to avoid the potential for injury or accidental exposure 

Source: Centers for Disease Control and Prevention Infection Control Practices Advisory Committee. Guidelines for isola¬ 
tion precautions in hospitals. Am ] Infect Control. 1996:24:24-51. 
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such as in surgical, labor and delivery, and disaster 
areas. For tasks that are unlikely to stress the glove 
material, vinyl gloves may be worn. Such tasks 
would typically be performed in outpatient and 
psychiatric settings. 

One problem that may be faced during deploy¬ 
ment is the possibility of having to wash or other¬ 
wise reprocess disposable latex or vinyl gloves. This 
problem may arise when supplies of gloves are in¬ 
terrupted. At least one study 14 has examined the 
ability of three different handwashing agents to re¬ 
duce bacteria inoculated on gloves. Both 4% 
chlorhexidine and 70% ethyl alcohol were more ef¬ 
fective in removing the bacteria from the gloves 
than nonantibacterial soap and water. None of the 
agents, however, removed all of the organisms. 
Clearly, the optimal practice is to use disposable 
gloves once and discard them. 

For standard precautions, various types of gowns 
and protective apparel are worn to provide barrier 
protection and reduce opportunities for transmis¬ 
sion of microorganisms to health care personnel and 
other patients. Gowns or aprons are worn to pre¬ 
vent contamination of clothing and protect the skin 
of personnel from blood or body fluids. Ideally, dis¬ 
posable gowns with a fluid-resistant front should 
be used. In a deployed setting, however, such gowns 
may not be available. Gowns that can be laundered 
can be used, perhaps with a plastic apron worn 
underneath. As with other infection control practices 
in such an environment, ingenuity may be necessary. 
In some cases, health care workers with an acute, 
unanticipated need for barrier protection have im¬ 
provised using plastic trash bags in place of aprons 
and boots. Gowns and gloves should be changed 
after dealing with infective material. Nondisposable 
items, such as respirator masks, should be disin¬ 
fected after each use. Removal of contaminated 
aprons, gloves, and other supplies should be done 
in such as way as to avoid self-contamination or 
contamination of others or the environment. 

Various types of masks, eye protection, face 
shields, and caps need to be worn when the possi¬ 
bility of splashing of blood, oral secretions, or body 
fluids exists. A mask that covers both the nose and 
mouth with goggles or a face shield will provide 
protection of the health care worker's eyes, nose, 
and mouth. A surgical mask that fits snugly over 
the nose and mouth is generally worn to provide 
protection against the spread of infectious large- 
particle droplets that are transmitted by close con¬ 
tact and generally travel only short distances (up 
to 1 m) from infected patients who are coughing or 
sneezing, such as those with influenza. 


Transmission-based Precautions 

The second level of precautions that the CDC 
recommends is for patients with known or sus¬ 
pected highly transmissible or epidemiologically 
important infectious diseases. These precautions, 
termed transmission-based precautions, are used in 
addition to standard precautions. They include air¬ 
borne precautions, droplet precautions, and contact 
precautions. Exhibit 40-4 and Tables 40-2 and 40-3 
detail the conditions and type of precautions 
needed for selected militarily-relevant infectious 
diseases. 

Airborne Precautions. Airborne precautions are 
designed to reduce the risk of airborne transmis¬ 
sion of infectious agents, such as measles, varicella 
(including disseminated zoster), and tuberculosis. 
Airborne transmission occurs by dissemination of 
either airborne droplet nuclei (5 pm or smaller) that 
remain suspended in the air for long periods of time 
or by dust particles that contain the infectious agent. 
Microorganisms carried in this manner can be 
widely dispersed by air currents and may become 
inhaled by a susceptible host in the same area as 
the source patient or one a long distance away, de¬ 
pending on environmental factors. 

Obviously, the institution of these precautions in 
a deployed setting can be difficult. Negative pres¬ 
sure rooms will generally not be available, but the 
placement of a patient with an airborne disease in 
a small tent (or sealed-off area in a tent) in which 
the air will not be circulating to other patients and 
staff is imperative. Tents or other movable facilities 
can be configured to allow a private area for pa¬ 
tients with a transmissible airborne infection. 

Some type of respiratory protection must be worn 
when entering the room or area of a patient with a 
known or suspected infectious respiratory disease. 
If the patient has measles or varicella, those who are 
susceptible to those diseases should not enter the 
room. It is important to remember that while US 
service members likely either have natural or vac- 
cine-induced immunity to infections such as these, 
allied personnel and local-hire workers may have a 
significantly different pattern of susceptibility. 

An area of major concern and controversy has 
been the selection of respiratory protection equipment 
for prevention of the transmission of tuberculosis, 
a disease that may well be present during deploy¬ 
ment. Although its efficacy was unproved, a surgi¬ 
cal mask was traditionally worn for isolation 
precautions in hospitals when patients were known 
or suspected to be infected with microorganisms 
spread by the airborne route of transmission. The 
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EXHIBIT 40-4 

SYNOPSIS OF TYPES OF PRECAUTIONS AND PATIENTS REQUIRING THE PRECAUTIONS* * 

Standard Precautions 

For all patients 

Airborne Precautions (In Addition to Standard Precautions) 

For patients known or suspected to have serious illnesses transmitted by airborne droplet nuclei (eg, measles, 
varicella [including disseminated zoster]*, tuberculosis*) 

Droplet Precautions (In Addition to Standard Precautions) 

For patients known or suspected to have serious illnesses transmitted by large-particle droplets (eg, inva¬ 
sive Haemophilus influenzae type b disease, invasive Neisseria meningitidis disease, pharyngeal diphtheria, 
mycoplasma pneumonia, pertussis, pneumonic plague, streptococcal [group A] pharyngitis, pneumonia, 
adenovirus*, influenza, mumps, parvovirus B19, rubella) 

Contact Precautions (In Addition to Standard Precautions) 

For patients known or suspected to have serious illnesses easily transmitted by direct patient contact or by 
contact with items in the patient's environment: 

• Gastrointestinal, respiratory, skin, or wound infections or colonization with multidrug-resistant 
bacteria 

• Enteric infections with a low infectious dose or prolonged environmental survival (eg, Clostridium 
difficile, respiratory syncytial virus, parainfluenza virus, enteroviral infections in infants and young 
children) 

• Skin infections that are highly contagious or that may occur on dry skin (eg, cutaneous diphtheria); 
herpes simplex virus (neonatal or mucocutaneous); impetigo; major (noncontained) abscesses, celluli¬ 
tis, or decubiti; pediculosis; scabies; staphylococcal furunculosis in infants and young children; zoster 
(disseminated or in the immunocompromised host)* 

• Viral/hemorrhagic conjunctivitis 

• Viral hemorrhagic infections (Ebola, Lassa, or Marburg) 

Not a complete listing 

*Certain infections require more than one type of precaution 

*See Centers for Disease Control and Prevention. Guidelines for preventing the transmission of Mycobacterium tuberculosis 
in health care facilities. MMWR. 1994;43(RR-13). 

Source: Centers for Disease Control and Prevention Infection Control Practices Advisory Committee. Guidelines for isola¬ 
tion precautions in hospitals. Am ] Infect Control. 1996:24:24-51. 


CDC currently recommends that respiratory protec¬ 
tion equipment used by health care workers caring 
for tuberculosis patients should meet the following 
two basic standards: (1) the ability to filter particles 
of 1 pm in the unloaded state with a filter efficiency 
of greater than 95% and (2) the ability to fit the dif¬ 
ferent facial characteristics of personnel. 15 This sec¬ 
ond recommendation generally means that at least 
three sizes of masks should be available. Logistic 
personnel should be able to determine if the masks 
available meet these minimum requirements. If such 
masks are not available in a deployed environment, 
a surgical mask that fits snugly over the nose and 
mouth should be worn when entering the tent or 
area where a tuberculosis patient is housed. If the 


patient must leave the tent or area for any reason, 
he or she must wear the mask. In fact, it may also 
be prudent for any patient suspected of having ac¬ 
tive tuberculosis to wear a mask at all times, even 
inside the tent because of the difficulty in maintain¬ 
ing negative pressure in that setting. 

Droplet Precautions. The next sublevel of isola¬ 
tion precautions is used for diseases that are spread 
through droplets. Droplet infection is distinct from 
airborne transmission, and such infections as men¬ 
ingitis, diphtheria, pertussis, influenza, mumps, 
and rubella are spread in droplets. All of these in¬ 
fectious diseases may be present in a deployed set¬ 
ting. Droplet transmission involves contact of the 
conjunctivae or the mucous membranes of the nose 
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TABLE 40-2 

TYPE AND DURATION OF PRECAUTIONS NEEDED FOR SELECTED INFECTIONS 
AND CONDITIONS 


Infection/Condition 

Precaution Type 

Acquired immunodeficiency syndrome 

Standard 

Amebiasis 

Standard 

Anthrax, pulmonary 

Standard 

Arthropod-borne viral encephalitides 

Standard/ screening 

Arthropod-borne viral fevers (eg, dengue, yellow fever) 

Standard/ screening 

Brucellosis 

Standard 

Campylobacter, cholera, and Escherichia coli 0157:H7 

Standard if continent 

Chickenpox 

Airborne and Contact 

Clostridium perfringens (gangrene) 

Standard 

Diphtheria, cutaneous 

Contact 

Enteroviral infections 

Adults 

Standard 

Infants and young children 

Contact 

Hantavirus pulmonary syndrome 

Standard 

Hemorrhagic fevers (eg, Ebola, Lassa) 

Contact 

Hepatitis, viral 

Standard if continent 

Influenza 

Droplet 

Malaria 

Standard with screens 

Measles (rubeola) 

Airborne 

Meningitis ( Neisseria meningitidis) 

Droplet 

Multidrug-resistant organisms, infections, colonization 
Gastrointestinal 

Contact 

Respiratory (except pneumococcal) 

Contact 

Skin (eg, wound, burn) 

Contact 

Mumps 

Droplet 

Mycoplasma pneumoniae 

Droplet 

Pertussis 

Droplet 

Plague, bubonic 

Standard 

Plague, pneumonic 

Droplet 

Rabies 

Standard 

Rickettsial fevers, tick-borne 

Standard 

Rubella 

Droplet 

Strongyloidiasis and hookworm 

Standard 

Tuberculosis, pulmonary/laryngeal (confirmed or suspected) 

Airborne 

Zoster in a normal patient 

Standard with immune health care workers 


Source: Centers for Disease Control and Prevention Infection Control Practices Advisory Committee. Guidelines for isolation pre¬ 
cautions in hospitals. Am ] Infect Control. 1996:24:24-51. 


or mouth of a susceptible person with large par¬ 
ticle droplets containing microorganisms. Droplets 
are generated from the infected person or carrier 
during talking, coughing, and sneezing. Transmis¬ 


sion involves close contact, because the droplets 
usually do not remain suspended in the air and 
generally travel at most a meter. 

Droplet precautions also require that the patient 
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TABLE 40-3 

CLINICAL SYNDROMES OR CONDITIONS WARRANTING ADDITIONAL EMPIRIC 
PRECAUTIONS TO PREVENT TRANSMISSION OF EPIDEMIOLOGICALLY IMPORTANT 
PATHOGENS PENDING CONFIRMATION OF DIAGNOSIS 


* 

Clinical Syndrome or Condition 

Potential Pathogens* 

Empiric Precautions 

Diarrhea 

Acute diarrhea with a likely infectious cause in an 

Enteric pathogens* 

Contact 

incontinent or diapered patient 

Diarrhea in an adult with a history of recent antibiotic use 

Clostridium difficile 

Contact 

Meningitis 

Neisseria meningitidis 

Droplet 

Rash or exanthems, generalized, etiology unknown 
Petechial/ecchymotic with fever 

N meningitidis 

Droplet 

Vesicular 

Varicella 

Airborne and Contact 

Maculopapular with coryza and fever 

Rubeola 

Airborne 

Respiratory infections 

Cough/fever/upper lobe pulmonary infiltrate in an HIV- 

Mycobacterium tuberculosis 

Airborne 

negative patient or a patient at low risk for HIV infection 
Cough/fever/pulmonary infiltrate in any lung location in 

M tuberculosis 

Airborne 

an HIV-infected patient or a patient at high risk for HIV 
infection 

Paroxysmal or severe persistent cough during periods 

Bordetella pertussis 

Droplet 

of pertussis activity 

Respiratory infections, particularly bronchiolitis and 

Respiratory syncytial or 

Contact 

croup, in infants and young children 

parainfluenza virus 


Infection with Multidrug-resistant Microorganisms 

History of infection or colonization with multidrug- 

Resistant bacteria 

Contact 

resistant organisms 

Skin, wound, or urinary tract infection in a patient with 

Resistant bacteria 

Contact 

a recent hospital stay in a facility where multidrug- 
resistant organisms are prevalent 

Skin or Wound Infection 

Abscess or draining wound that cannot be covered 

Staphylococcus aureus, 

Contact 


group A streptococcus 



Patients with the syndromes or conditions listed below may present with atypical signs or symptoms (eg, pertussis in neonates 
and adults may not have paroxysmal or severe cough). The clinician's index of suspicion should be guided by the prevalence of 
specific conditions in the location, as well as clinical judgment. 

*The organisms listed here are not intended to represent the complete, or even most likely, diagnoses, but rather possible etiologic 
agents that require additional precautions beyond Standard Precautions until they can be ruled out. 

*These pathogens include enterohemorrhagic Escherichia coli 0157:H7, Shigella, hepatitis A virus, and rotavirus. 

Source: Centers for Disease Control and Prevention Infection Control Practices Advisory Committee. Guidelines for isolation pre¬ 
cautions in hospitals. Am ] Infect Control. 1996:24:24-51. 


be placed in a private tent or area or with another 
patient who has the same diagnosis. If this is not 
possible, the patient should be placed at least 1 m 
from other patients. Health care workers should 
wear a mask when working within 1 m of the pa¬ 


tient. If transport of the patient is necessary, the 
patient should be masked. 

Contact Precautions. All other infections and 
infectious diseases, whether facility- or community- 
acquired, may be contained through the next sub- 
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level of precautions, contact precautions. Contact 
precautions are designed to reduce the risk of trans¬ 
mission of infections that are spread through direct 
or indirect contact, such as on health care workers' 
hands or on fomites (eg, patient-care articles). Con¬ 
tact precautions should be used with patients who 
have conditions such as diarrhea or skin or wound 
infections. 

Direct-contact transmission involves skin-to-skin 
contact and physical transfer of microorganisms to 
a susceptible person from an infected person. Such 
transmission may occur while turning a patient, 
giving a patient a bath, or performing other care 
activities that require close physical contact. Pa¬ 
tients who have direct physical contact with each 
other may also serve as a source of infection. This 
might happen when convalescent patients help with 
nursing tasks. The use of gloves is necessary; the 
use of gowns may also be necessary. Devices for use 
in mouth-to-mouth resuscitation can be helpful in 
reducing those associated direct-contact risks. 

Patient Isolation and Placement 

Appropriate patient placement is an important 
component of isolation precautions, especially for 
enteric or respiratory conditions or other conditions 
requiring contact isolation. As mentioned previ¬ 
ously, creativity in using the facilities at hand may 
be necessary. Of course, the most desirable situa¬ 
tion for persons with these types of conditions 
would be a private accommodation with toilet fa¬ 
cilities. Under field conditions, this is not an abso¬ 
lute requirement. For example, if tents are the only 
housing facilities available, a tent with patients with 
the same airborne-transmitted diseases should be 
placed downwind of the main patient-care facility. 
Sharing of rooms or areas by patients with the same 
known or suspected diagnosis at the same stage of 
the disease, also known as cohorting, is especially 
useful during enteric outbreaks. Grouping respiratory 
patients with infections due to different etiologies 
should be avoided to reduce the risk of cross-infec¬ 
tions. In the case of patients with a communicable 
respiratory disease, careful use of exhaust fans may 
help keep contaminated air from flowing back into 
common patient-care areas by creating a negative 
pressure. Signs should be posted indicating the 
presence of an infectious disease risk and the pre¬ 
cautions to be taken for those entering the area. The 
excreta of individual patients with enteric diseases 
are normally disposed of in a sanitary sewer and 
this is usually considered safe, but disinfection may 
be desirable during an outbreak when the quantity 


of agents placed into the environment is larger. As 
in the United States, medical waste should be 
handled and disposed of appropriately on deploy¬ 
ment to avoid infecting others or contaminating the 
environment. 

For some conditions, such as viral hemorrhagic 
fevers, strict or high-level contact isolation may be 
indicated. The US standard calls for private negative 
pressure rooms with anterooms equipped with 
sinks. Exhaust passes through high-efficiency filters. 
In the field, such approaches may not be easily 
achieved short of using plastic-film patient isolators. 
These isolators have interior spaces below atmo¬ 
spheric pressure, HEPA (high efficiency particulate 
air) filters for exhaust air, and a lock system for bag¬ 
ging and removing contaminants. As an alternative 
to an isolator, the medical personnel should be 
clothed in special suits to provide a microbiologi¬ 
cal barrier. In addition, these patients should be 
housed separately from others in another building 
or at least in a place with separate air flow. For non¬ 
military personnel, it may be possible to approach 
the desired level of isolation by having patients 
cared for in their homes by trained personnel 
equipped with protective equipment. 

The highest level of personal protection measures, 
including disposable clothing and microbiological 
masks, is indicated for strict contact isolation situ¬ 
ations. Although the CDC recommends that per¬ 
sonnel with known or suspected viral hemorrhagic 
infections be handled with contact precautions, US 
military units may be placed under political pres¬ 
sure from foreign governments to severely isolate, 
and possibly evacuate, such patients. Concern for 
troops or other personnel succumbing to infectious 
diseases could initiate the mobilization of the high- 
containment Aeromedical Isolation Team based at 
the US Army Medical Research Institute of Infec¬ 
tious Diseases at Fort Detrick, Md. High-contain- 
ment isolation provides a means by which medical 
personnel can be physically separated from the pa¬ 
tient by a microbiological barrier. The Aeromedical 
Isolation Team, using the Vickers Patient Isolation 
System (Figure 40-1), provides such a barrier by 
enclosing the patient in a negatively pressurized 
transparent plastic envelope and filtering the ex¬ 
hausted air. Facilities in the form of half-suits or 
glove-sleeves are provided in the envelope walls of 
each isolator so patient care procedures can be car¬ 
ried out without breaking the microbiological bar¬ 
rier. The patient could then be safely transported 
to a facility with the capability of caring for patients 
with such infectious diseases. 

As noted, care of viral hemorrhagic fever patients 
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Fig 40-1. The Vickers Patient Isolation System 
Photograph: Courtesy of Brenda Roup. 


necessitates proper clothing. This would include a 
scrub suit (or a similar inner layer), a thick set of gloves 
over a thin set, rubber boots or overshoes if the floor 
is soiled, a surgical or disposable gown with long 
sleeves and cuffs, a plastic apron, a HEPA-filter or 
other biosafety mask, a cotton head covering, and eye 
protection. 16 Personnel with cuts or broken skin on 
their hands should refrain from direct contact with 
these patients. After use, protective clothing should 
be removed carefully and according to a written 
standard operating procedure to avoid contamina¬ 
tion of the provider or environment. The clothing 
should be disinfected or laundered appropriately. 
Gloves, boots, and aprons can be disinfected with 
1:100 bleach solution. If possible, providers should 


shower before putting on street clothes. 

Decontamination of sewage, disinfection of ex¬ 
creta, and terminal disinfection of patient-care 
spaces are also indicated for high-level isolation 
situations, such as with viral hemorrhagic fever 
patients. Health care providers involved with the 
care of these patients should be under medical 
surveillance. 

Moving Patients 

Limiting the movement and transport of infected 
patients and ensuring that they leave their tents or 
areas only for essential purposes reduces the op¬ 
portunities for transmission of infections in health 
care facilities. When patient transport is necessary, 
whether the patient is having a procedure in an¬ 
other area or is being evacuated from the facility, it 
is important that risk-appropriate barriers are worn 
or used by the patient to reduce the opportunity 
for transmission of microorganisms. The barriers 
used will depend on the route of transmission of 
the disease. It is also crucial that the personnel in 
the area to which the patient is to be taken be noti¬ 
fied of his or her impending arrival and the special 
precautions to be used. Patients must also be in¬ 
formed of their responsibilities to prevent the trans¬ 
mission of infections, such as wearing masks. 


VECTOR-BORNE DISEASE CONTAINMENT 


Vector transmission, while generally not a prob¬ 
lem in US-based facilities characterized by screens 
and central air conditioning, may be a problem 
during deployment. Standard precautions are rec¬ 
ommended for patients with such infections, 
whether within or outside of the treatment area. 
Mosquitoes, which transmit various types of en¬ 
cephalitis and dengue fever, as well flies, ticks, fleas, 
lice, and mites, can be problematic and spread dis- 

HANDLING OF LINEN, SHARPS, SP1 

The risk of disease transmission from soiled 
linen is usually small, even in a deployed setting, 
if it is handled, transported, and laundered in a 
manner that avoids the transfer of microorganisms 
to patients, personnel, and the facility environment. 
Sanitary and common sense storage and process¬ 
ing of clean and soiled linen will usually be ad¬ 
equate. Laundry practices that include hot water 
(71 °C [160°F] and above), vigorous washing action, 
and a laundry detergent will remove soil and mi- 


eases from person to person. For example, patients 
viremic with the dengue virus during US military 
operations in Haiti in the 1990s were recognized as 
a potential threat to other patients in the same treat¬ 
ment facility. Such basic procedures as keeping tent 
flaps or doors closed and using mosquito bednets 
that have been impregnated with an insecticide such 
as permethrin should assist with halting the spread 
of these and other vector-borne diseases. 

MENS, AND TERMINAL CLEANING 

croorganisms, to include scabies, lice, and the 
hemorrhagic fever viruses. Placing linen from pa¬ 
tients in two bags, commonly known as "double 
bagging," is not usually necessary, unless the linen 
is soiled with blood or body fluids and has the po¬ 
tential to leak through the original bag. 9 In caring 
for patients deserving strict contact isolation, 
though, linens and contaminated protective cloth¬ 
ing should be placed in a bag in the patient's room, 
the exterior of the bag decontaminated with hy- 
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pochlorite in an anteroom, and then the decontami¬ 
nated bag placed into another bag before being 
taken into clean common space. Hands should also 
be washed in the transition zone between the 
patient's room and the clean area. Instruments, such 
as blood pressure cuffs, for patients in strict isola¬ 
tion should only be used for that one particular 
patient. 

Whatever the infectious disease, no special pre¬ 
cautions are needed for decontaminating dishes, 
glasses, cups, or eating utensils. Either disposable 
or reusable dishes and utensils may be used for 
patients on isolation precautions. The combination 
of hot water and a detergent is sufficient to decon¬ 
taminate such articles. 

The tent or area and furniture of a patient who 
has been placed on some type of isolation precau¬ 
tions may be cleaned using the same procedures 
used for other patients. No special "airing" of the 
area or special procedures need to be used in most 

HANDLING 

A persistent myth is that cadavers pose a serious 
risk of starting epidemics if they are not buried or 
burned promptly. This is particularly true after 
natural disasters. Although dead bodies have been 
associated with the transmission of certain infec¬ 
tions that were present before death, dead bodies 
resulting from a natural disaster usually do not pose 
a high priority public health threat. The handling 
of patients who have died of known or suspected 
infectious diseases should not present difficulties, 
but there are several principles to remember. The 
first is protection for the health care worker while 
preparing the body. Gloves and gowns, at a mini¬ 
mum, should be worn because of the opportunity 
for contact with blood and body fluids. The health 
care worker should also wear a mask if the patient 
was infected with a respiratory disease when he 
died. After preparation, the cadaver should be care- 

FUTURE 

Much infection control doctrine for the deployed 
setting remains to be written. Considerable research 
remains to be done regarding the best ways of miti¬ 
gating risk to combat lifesavers, medics, other 
health care providers, and patients. Studies should 
assess the proper role of "waterless" disinfectants 
in settings where recommended bloodborne precau¬ 
tions cannot be adequately implemented. New di¬ 
agnostics should be tested and placed far forward 


cases. However, for surfaces potentially contami¬ 
nated with excreta, blood, or respiratory tract se¬ 
cretions, thorough cleaning and disinfection is in¬ 
dicated. Enterococci are especially prone to survive 
on inanimate objects for a long time. Facility waste 
should be disposed of in accordance with US and 
local laws. 

Sharps safety should be maintained, and sharps 
should be disposed of in some type of rigid con¬ 
tainer at the point of use. If possible, sharps con¬ 
tainers should be made of a rigid plastic that will 
not allow the sharps to penetrate the container. The 
disposal containers may be placed between each 
patient's bed or secured in some manner to the bed 
to facilitate rapid and safe disposal. When poten¬ 
tially contagious patient specimens are transported, 
placement in properly labeled, clear double plastic 
bags is indicated. To prevent contamination, the 
outer bag should only be handled with clean hands 
or a new pair of gloves. 

OF CADAVERS 

fully identified as having had an infectious disease, 
and that disease should be written on the identifi¬ 
cation tags attached to the body. 

According to the CDC, patients who have died 
as a result of a hemorrhagic fever virus should be 
handled with contact precautions. Those preparing 
the body should wear protective clothing as indi¬ 
cated for those working in the patient care isola¬ 
tion area. During the preparation of the body, it and 
the surrounding area should be sprayed with a 1:10 
bleach solution. After placing the body in the body 
bag, the bag should also be sprayed with this solu¬ 
tion and placed in a sealed, leakproof coffin. The 
coffin exterior should be disinfected and rinsed if 
contaminated. Those handling the body bag should 
be suitably protected. The body should then be 
transported safely for deep burial (at least 2 m 
deep). 16 

RESEARCH 

to facilitate earlier diagnosis, not only for the ben¬ 
efit of the patient but also to protect those in the 
patient care and evacuation system. More effective 
diagnostic algorithms should be tested and em¬ 
ployed to rapidly identify patients who should be 
segregated. Questions about when an exposed 
health care provider should be put into isolation 
and when he or she should be given prophylactic 
medications need to be addressed. 


1265 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


SUMMARY 


Each deployed military medical unit, whether a hos¬ 
pital, clinic, or forward treatment area, must ensure that 
all personnel are familiar with the unit's infection con¬ 
trol policies and procedures. Such an orientation should 
include the location and procurement of equipment and 
supplies necessary to accomplish required infection con¬ 
trol activities. The principles of infection control and pre¬ 


vention in a deployed setting are the same wherever the 
deployment may be. The institution of the three levels 
of control should ensure that community-acquired in¬ 
fections are not transmitted to other patients and that 
facility-acquired infections are kept to a minimum. If lo¬ 
gistical support fails or is interrupted, cleanliness in all 
things is still the goal. 
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Airmen unload boxes of MREs (Meals Ready To Eat) for victims of Hurricane Marilyn. The hurricane hit the US Virgin 
Islands in September 1995. The role of military organizations in operations other than war is long and distinguished. 
As the issue of homeland defense evolves, it is likely that the mission of both Active and Reserve Component units will 
encompass some of the new challenges the United States faces. 


Department of Defense Photograph: Defense Visual Information Center photo identification number DFST9805176. 
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INTRODUCTION 


Military forces of the United States and other 
developed nations are sometimes called on to cope 
with the aftermath of the entire spectrum of disas¬ 
ters, from natural events to complex humanitarian 
emergencies (Table 41-1). While the appropriate 
roles of military forces in the post-Cold War world 
and in coping with disasters are controversial, it is 
likely that the military will always play some role 
in coping with disasters. 

This section provides background on the causes 
and consequences of disasters and the potential roles 
of military preventive medicine personnel. This 
chapter focuses on basic definitions, concepts, and 
future challenges for the growing discipline of di¬ 
saster medicine. The next three chapters, numbers 42 


to 44 (Military and Public Health Aspects of Natural 
Disasters, Complex Emergencies, and Public Health 
Perspectives Related to Technological Disasters and 
Terrorism, respectively) describe the public health 
consequences of different types of disasters: natural, 
complex, and technological. Chapter 45, The Interna¬ 
tional Humanitarian Response System, and Chapter 
46, Domestic Disaster Response: FEMA and Other 
Governmental Organizations, describe the intricacies 
of the US domestic and international disaster response 
systems and Chapter 47, Nutritional Assessment and 
Nutritional Needs of Refugee or Displaced Popula¬ 
tions, describes nutritional aspects of humanitarian 
relief operations. All chapters highlight issues relevant 
to the military. 


DISASTERS AND DISASTER MEDICINE 


Disaster is a broad term that has been defined in 
several different ways. 1,2 One commonly used defi¬ 
nition is "...events of environmental disruption or 
destruction that can be of sudden or gradual onset. 


TABLE 41-1 

SELECTED US MILITARY DISASTER 
OPERATIONS FROM 1990 THROUGH 1996 


Operation 

Type of Disaster 

Fiery Vigil 

Philippines, 1990 

Volcano 

Provide Comfort 

Northern Iraq, 1991 

Complex emergency 

Sea Angel 

Bangladesh, 1991 

Tropical cyclone 

JTF Andrew 

Florida, 1992 

Hurricane 

Restore Hope 

Somalia, 1992 

Complex emergency 

JTF Hawaii 

Hawaii, 1992 

Hurricane 

Support Hope 

Rwanda, 1993 

Complex emergency 

Uphold Democracy 

Haiti, 1994 

Complex emergency 

Joint Endeavor 

Bosnia, 1996 

Complex emergency 


JTF: Joint Task Force 


and that are severe enough to overwhelm the re¬ 
sources of the affected community and necessitate 
outside assistance." 1<p422) An alternate definition is 
"...an event that exposes the vulnerability of indi¬ 
viduals and communities in such a way that their 
lives are directly threatened, or sufficient harm has 
been done to their community's economic and so¬ 
cial structures to undermine their ability to 
survive." 2(pl3) Both definitions emphasize the cata¬ 
strophic nature of disasters and the need for exter¬ 
nally provided assistance. 

Disasters may be categorized in different ways. 
Some authors have differentiated between natural 
disasters (such as typhoons) and man-made disas¬ 
ters (such as war). Others have grouped disasters 
into sudden-onset events (such as earthquakes) and 
long-term situations that develop over months or 
years (such as refugee crises). Technological disas¬ 
ters, which are events such as the Chernobyl nuclear 
accident that involve major exposures to chemicals 
or radiation, are often placed in another category. 
Terrorist actions involving conventional explosives 
or weapons of mass destruction are regarded as an 
increasingly important type of disaster. 3,4 

Any categorization scheme is somewhat arbitrary 
and may oversimplify the interaction of many fac¬ 
tors. For example, a disaster in Durunka, Egypt, in 
1994 combined elements of both natural and tech¬ 
nological phenomena. Torrential rains led to severe 
flash-flooding, which disrupted fuel depots located 
in flood-washed ravines. Fuel-contaminated water 
flooded downstream villages and caught on fire. 
The majority of the 580 deaths that occurred were 
not due to drowning but to burning fuel. 5 Also, 
some disasters can be difficult to categorize. Land 
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mines may be considered as a technological disas¬ 
ter or as an aspect of conflict. Natural disasters are 
often part of the dynamic of conflict and complex 
emergencies. The 1971 India-Pakistan war and sub¬ 
sequent refugee crisis was triggered in large part 
by a cyclone when the disruption caused by this 
natural event exacerbated political unrest. A severe 
drought was the principal catalyst for the civil war 
and humanitarian crisis in Somalia from 1991 to 1992. 6 

While the term "disaster" invokes connotations 
of the forces of nature to many, the hand of humans 
is found in almost all disasters. What is identified 
as the disaster, even when it is a natural event, is 
often better understood as a trigger event that exposes 
underlying societal problems. Virtually every fam¬ 
ine since 1977 has been the result of underdevel¬ 
opment, armed conflict, inadequate economic and 
social systems, failed governments, and other man¬ 
made factors. 3,7 

The term "complex emergency" (also complex 
humanitarian emergency or conflict-related complex 
emergency) was coined to refer to disasters that 
involve an intricate interaction of political, military, 
economic, and natural factors and that have armed 
conflict as a central feature. 8 These types of disasters 
have been increasingly common since the end of the 
Cold War. Victims are usually large populations or 
specific ethnic groups or cultures; armed conflict against 
these groups is almost always a critical factor. 9 Soma¬ 
lia in 1992 is an example in which civil violence was 
the most visible, proximate cause of the disaster, but 
years of underdevelopment, governmental failures, 
superpower intervention, ethnic conflict, drought, and 
famine all contributed substantially to the situation. 

To provide a basic approach to the subject of di¬ 
sasters, this section will consider three basic types 
of disaster: natural, complex, and technological 
(Table 41-2). Some events that could be considered 
disasters, such as a disease outbreak, are consid¬ 
ered in other chapters. 

The discipline of disaster medicine is rapidly 
evolving. Disaster medicine has its roots in the 
emergency activities undertaken in the immediate 
aftermath of natural disasters, but the discipline is 


TABLE 41-2 

CATEGORIES OF DISASTERS* 


Natural 

Flood 

Tropical cyclone 

Hurricane 

Earthquake 

Tornado 

Volcano 

Tsunami 

Drought 

Complex 

Civil conflict 

War 

Famine 

Mass migration or displacement of people 
Technological 
Explosions 
Fires 

Chemical Exposures and Spills 
Radiation Exposures 
Terrorist Actions 

This is not a comprehensive list of all disasters. 

evolving to include other types of disasters. This 
chapter will use a broad definition for disaster 
medicine: "The study and collaborative application 
of various health disciplines—eg, pediatrics, epide¬ 
miology, communicable diseases, nutrition, public 
health, emergency medicine, social mending, commu¬ 
nity care, international health—to the prevention, 
immediate response and rehabilitation of the health 
problems arising from disaster, in cooperation with 
other disciplines involved in comprehensive disas¬ 
ter management." 10(p23_24) 


PREVENTIVE MEDICINE IN DISASTERS 


One way to understand disasters, especially com¬ 
plex emergencies, is as catastrophic public health 
crises. Disasters often involve serious damage to 
preventive and curative medical systems and to 
important public health infrastructure, such as wa¬ 
ter treatment systems and sanitation networks. Di¬ 
sasters also may affect the public health through 
disruption of other segments of society, such as the 


police, judiciary, communications networks, trans¬ 
portation systems, agricultural production, and 
markets. 

In the aftermath of disasters, interventions that 
are the most urgent, that save the most lives, and 
that are the most cost-effective are often basic pub¬ 
lic health measures. Military medical personnel, 
particularly those in preventive medicine, may be 
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able to make substantial contributions after disas¬ 
ters by organizing immunization campaigns, rees¬ 
tablishing water treatment systems, investigating 
outbreaks, providing basic sanitation, controlling 
disease vectors, and implementing other fundamen¬ 
tal public health programs. 3-5,11-13 

Another important role for preventive medicine 
personnel is using the tools of epidemiology to 
gather critical information. In the aftermath of di¬ 
sasters, sound information is always needed to de¬ 
velop relief priorities and strategies and to identify 
vulnerable populations. Rapid assessments, tar¬ 
geted surveys, and surveillance are essential for 
effective disaster response. 14,15 Preventive medicine 
personnel have unique skills in collecting needed 
data and using those data to develop objectives and 
strategies for disaster response. 

Although some aspects of disasters and disaster 
response are well understood, there is still much to 
be learned. The tools of preventive medicine—epi¬ 
demiology and biostatistics—are also useful in con¬ 
ducting research to better understand the causes of 
disasters and their management. 16-18 In addition to 
helping with the immediate response, documenta¬ 
tion of the principal causes of morbidity and mor¬ 
tality in disasters and of the effectiveness of relief 
measures through well-conceived epidemiologic 
studies is essential. 

Preventive medicine personnel can be of great 
assistance in planning and preparation for disas¬ 
ters. Important activities in this domain include 
preparing disaster contingency plans, devising 

THE MAGNITUDE 

Natural Disasters 

Each week there is at least one natural disaster 
in the world of sufficient magnitude to require the 
assistance of the international community. 5 In the 
1970s and 1980s, natural disasters affected at least 
800 million people and caused more than 3 million 
deaths. 28 The incidence of natural disasters appears 
to be rising, and the number of highly vulnerable 
persons in disaster-prone areas, particularly in the 
developing world, is at least 70 million and grow¬ 
ing. 29 Large populations are vulnerable to disasters 
in at least 60 countries, many of which are in the trop¬ 
ics. The devastating tropical cyclone in Bangladesh 
in 1991, in which more than 100,000 persons were 
killed, illustrates the potential impact of natural 
disasters on a vulnerable population in the devel¬ 
oping world. Historically, the US military has re¬ 
sponded to many natural disasters domestically and 
internationally. 


standard medication and supply lists, organizing 
disaster response medical teams, developing early 
warning systems, and helping plan better infra¬ 
structure engineering. 19-21 

Preventive medicine personnel may become in¬ 
volved in a myriad of activities that are beyond their 
usual realm. Organizing feeding programs for a 
malnourished population, developing standardized 
treatment protocols to be used by health workers 
in refugee camps, or establishing rehydration cen¬ 
ters during a diarrhea epidemic are just a few ex¬ 
amples. 21-23 Preventive medicine personnel could 
also become involved in investigating and docu¬ 
menting human rights abuses. 24 

Finally, preventive medicine personnel are the 
best advocates for the public health agenda in di¬ 
saster response. 12,25 Because preventive medicine 
personnel are trained to see the big picture and to 
understand "health" in a broader context, they are 
in a unique position to see important consequences 
of a disaster and to work across disciplines in help¬ 
ing to develop and coordinate the most effective 
response. Military medical officers must advise line 
commanders on the best roles for the military in 
disaster response. Preventive medicine personnel 
in particular are well situated to understand what 
the military can and cannot contribute to relief ef¬ 
forts. When line commanders, who may become 
focused on security issues or other aspects of a re¬ 
sponse, lose sight of critical public health needs, 
preventive medicine personnel can have a power¬ 
ful voice in focusing relief priorities. 11,26,27 

OF DISASTERS 

Complex Disasters 

The number of armed conflicts in the world has 
increased dramatically since World War II 30 (Figure 
41-1). Between 1980 and 1997, more than 150 major 
armed conflicts were waged. 31 Complex emergencies 
are inextricable linked with violence; the number 
of complex emergencies has increased in parallel 
with the increase in war. Whereas in the late 1970s 
there were approximately 5 complex emergencies 
per year, by the late 1980s there were 10 to 15 per 
year, and by the late 1990s there were 25 to 30 each 
year. 8 

Armed conflict and its related complex humani¬ 
tarian emergencies have profound effects on civil¬ 
ian populations, 30-34 particularly since most armed 
conflict occurs in the developing world (Figure 41-2). 
Some estimate that in many conflicts for every death 
of a combatant there are eight to nine deaths among 
civilians. 31,32 Toole and Waldman have described the 
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Fig. 41-1. Increase in Armed Conflicts and Internal Wars since World War II. This figure shows the dramatic increase 
in armed conflict overall, and particularly in internal conflicts, since the end of World War II. Most armed conflict 
since World War II has not involved the militaries of two nations fighting each other but, rather, has been strife 
within the borders of a sovereign country. The combatants in internal wars have typically been less clearly defined 
groups than national armies. They have usually been factions based on ethnic, cultural, or tribal affiliations, and 
many have had shifting allegiances. Some factions have acted essentially as a form of organized crime, attempting 
simply to control valuable resources. Prominent examples of internal wars in the 1990s were the conflicts that oc¬ 
curred in Somalia, Rwanda, and the former Yugoslavia. Adapted with permission from: International Federation of 
Red Cross and Red Crescent Societies. World Disasters Report, 1992. Dordrecht, The Netherlands: Martinus Nijhoff 
Publishers, 1992. Additional data from: Sollenberg S, Wallensteen P. Armed conflicts, conflict termination, and peace 
agreements, 1989-96. ] Peace Res. 1997;34:339-358. 


insidious cycle of armed confrontation, famine, and 
population displacement. 33,34 In 1980 there were 
approximately 5 million refugees in the world; as a 
consequence of this cycle, though, by the mid-1990s 
there were approximately 23 million refugees and 
25 million internally displaced persons (those who 
have fled their homes but who have crossed no in¬ 
ternational boundaries). 33 Thus, roughly 1 in 110 
persons in the world was a refugee or was displaced 
from his or her home. As demonstrated by opera¬ 
tions in Somalia, Rwanda, Haiti, and the former 
Yugoslavia, the US military has been drawn increas¬ 
ingly often into these situations. 

Technological Disasters 

The rapid and unregulated industrialization of 
much of the world and the misuse of technologies 
are increasingly recognized phenomena. 3,5,35,36 The 
extensive environmental pollution in former Soviet 


bloc nations, the nuclear reactor accident at 
Chernobyl, and the toxic gas leak at Bhopal, India, 
are examples of disasters resulting from industrial 
pollution and industrial accidents. While an impor¬ 
tant issue in the industrialized world, this is also 
an urgent concern in much of the developing world, 
where industrial growth often far exceeds necessary 
regulatory laws and safety practices. 

The sarin gas attack in the Tokyo subway system 
and the Oklahoma City bombing, both in 1995, dem¬ 
onstrate how weapons technologies in the hands of 
terrorists have the potential to become massive di¬ 
sasters. 36-39 The potential for terrorist actions has 
increased markedly since the collapse of the Soviet 
Union and the ensuing dissemination of technolo¬ 
gies for building weapons of mass destruction. The 
US military has critical capabilities for coping with 
both technological disasters and terrorism and in¬ 
creasingly is seen as having an important role in 
responding to these incidents. 
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Fig. 41-2. Worldwide Conflicts, mid-1994. This figure shows the countries in the world in 1994 in which significant 
armed conflict was occurring. The fact that approximately one in five countries overall was at war is notable for the 
extent of armed conflict worldwide, as well as the fact that most conflict was taking place in the tropical developing 
world. Wars in the former Yugoslavia and former states of the Soviet Union were exceptions to this general trend. 
Data source: Fitzsimmons DW, Whiteside AW. Conflict, War and Public Health. London: Research Institute for the 
Study of Conflict and Terrorism, 1994. Study 276. 


THE CONSEQUENCES OF DISASTERS 


Every disaster is unique, and the consequences 
of each one will vary considerably by person, place, 
and time. In part this is because different types of 
disasters have very different effects. Whereas an 
earthquake often causes many immediate trauma 
deaths and usually does not result in food short¬ 
ages, a flood typically causes few immediate deaths 
and disrupts food production and distribution net¬ 
works. 3 Similar events that occur in different envi¬ 
ronments can have very different consequences. An 
earthquake in Armenia has a markedly different 
impact than an earthquake in southern California 
because the extent of the development, the local 
building codes, the population density, and the lo¬ 
cal response capabilities are different. One refugee 
population may be devastated by measles while in 
another, in which vaccination coverage has been 
high, diarrhea may be the most important cause of 
morbidity and mortality. 21,22,40 

Within any given disaster, relief needs can evolve 
considerably over time. 23 Some authors have de¬ 
scribed the phases of natural disasters, such as an 
impact phase, post-impact phase, and recovery 
phase, to discuss the importance of understanding 


how relief needs change. 41 In the impact phase af¬ 
ter earthquakes, for example, there may be an ur¬ 
gent need for trauma services, but deploying 
trauma hospitals that will arrive 4 or 5 days after 
the earthquake is fruitless and wasteful. 3 

It can be difficult to delineate clear phases of a 
complex disaster. Because the crisis is usually the 
result of many years of complicated and deeply 
rooted problems, events do not progress in a clear, 
linear fashion. Nevertheless, relief needs in com¬ 
plex emergencies change substantially over time as 
well. For example, priorities for refugees who have 
just arrived in a location—usually shelter, food, 
water, and basic medical care—are likely to be dif¬ 
ferent from what this population needs a few 
months after a camp has been established, such as 
family planning, medical care for chronic problems, 
and rehabilitation. 22,23 

The health effects of a disaster can vary consider¬ 
ably by location. De Ville de Goyet describes the dif¬ 
ferent spatial zones of a natural disaster to illustrate 
the severity of effects in relation to the epicenter of an 
earthquake. 41 In hurricanes, the devastation can be 
quite unevenly distributed across an affected area. 3,42 
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Within a particular disaster, certain subpopulations 
may be more vulnerable, have fewer biological or so¬ 
cial reserves to fall back on, and have less access to 
help. Women and children, particularly small chil¬ 
dren, typically experience much increased morbidity 
and mortality. 21,22 In Rwanda, for example, it was 
shown that refugee-camp children living in house¬ 
holds headed by single women had a significantly 
higher risk of malnutrition because they had less 


access to food and other relief services. 43 Ethnic, re¬ 
ligious, or cultural groups may be particularly vul¬ 
nerable. In Somalia, certain unarmed agriculturally 
based clans who were not participants in the fighting 
were particularly devastated by the civil conflict and 
had extremely limited access to emergency relief ser¬ 
vices. Even adults and adolescents, who are the most 
capable segments of the population, require special 
attention in some circumstances. 44 


ASSESSING AND RESPONDING TO DISASTERS 


A critical first task for disaster responders is as¬ 
sessing rapidly what has occurred so as to deter¬ 
mine urgent needs and relief priorities for that 
unique situation. The importance of rapid assess¬ 
ments has been increasingly recognized, and the 
science of conducting these assessments has devel¬ 
oped considerably. 14,15,42 Although good assessments 
may not be the norm, it is widely recognized that 
in the absence of sound early assessments, relief 
efforts can easily be misguided and inappropriate. 

After initial assessments, targeted surveys and 
specific investigations can be of much value in an¬ 
swering more focused questions. 45 In addition, stan¬ 
dardized surveillance and health information sys¬ 
tems need to be established (or re-established) after 
disasters to continually assess and monitor the 
needs of the affected population 22 (Figure 41-3). 
Relief efforts should be modified accordingly as 
critical data become available. In the absence of 
mechanisms to constantly evaluate the health of the 
target population, priorities may become skewed 
and resources may be inappropriately directed or 
even wasted. 46 There are many examples in the di¬ 
saster medicine literature of how early information 
collection has been a critical factor in successful 
disaster response. 43,45,47,48 

Emergency assistance following a disaster is of¬ 
ten thought of as providing the basic necessities, 
such as food, water, shelter, medical care, and agri¬ 
cultural supplies, to save lives in the immediate 
aftermath of a devastating event. This is a key as¬ 
pect of disaster response, but disaster response is 


often much more than this. According to the United 
Nations High Commissioner for Refugees, the "aim 
of humanitarian assistance is to sustain dignified 
life, to strengthen local institutions' efforts to re¬ 
lieve suffering and build self-reliance, and to assure 
that the first step is taken towards reconstruction, 
rehabilitation and development." 27(pl) This defini¬ 
tion emphasizes the importance of viewing disas¬ 
ter response in a broader and more long-term con¬ 
text. Therefore, disaster relief often must consider 
long-term development and must involve many 
realms, such as political, economic, social, security, 
and human rights, among others. 

Relief needs may vary substantially in different 
cultural situations. Food items appropriate for one 
population may not be appropriate for another. For 
example, potatoes donated to the displaced Kurds 
in northern Iraq remained uneaten because pota¬ 
toes are not a part of the normal Kurd diet. Sanita¬ 
tion practices can also vary markedly. Latrines in¬ 
advertently built facing Mecca were not used by 
Muslim Kurds. 

In addition to cultural sensitivity, international 
relief responders must be careful to involve local 
personnel in relief efforts. Although this seems ob¬ 
vious, much emergency relief is conducted by out¬ 
side groups who presume that they know best and 
that they must do everything for the "helpless" vic¬ 
tims. In fact, disaster-affected populations are not 
helpless victims. The most effective disaster relief 
gives local personnel themselves the means to re¬ 
cover and rebuild. 49 


PROGRESS IN DISASTER RESPONSE 


In 1975, Dr. Michael Lechat noted that disaster 
relief could be described as "the crisis dominated 
convergence of unsolicited donations of mobile hos¬ 
pitals, time expired drugs, medical students volun¬ 
teering for disaster safaris, and vaccines for diseases 
with zero incidence." 50<p845_846) Fortunately, the 
knowledge and practice of disaster response has 


progressed considerably. 

Since the publication of the first textbook on di¬ 
saster medicine in 1984, 51 there has been an explo¬ 
sion in research into and knowledge about disaster 
relief. Many articles have been published in the 
peer-reviewed scientific literature, and there are 
many excellent technical manuals, textbooks, guide- 


1276 


The Challenge of Humanitarian Assistance in the Aftermath of Disasters 



Disaster 

Impact 


TIME 


Recovery 


Fig. 41-3. Information Gathering in a Sudden-onset Disaster. This figure illustrates when information should be col¬ 
lected in a sudden-onset disaster. Ideally, certain background information is collected and archived before a disaster 
strikes, such as baseline rates of diarrheal diseases or malnutrition. Baseline data is needed for comparison to make 
sense of information collected after the disaster has occurred. Once disaster has struck, rapid assessments of the 
situation should be undertaken, followed quickly by focused surveys and outbreak investigations as they are needed. 
Ideally, surveillance systems are in operation before the disaster and are either continued or reestablished after the 
event. If not, surveillance should be started or modified as soon as possible after the disaster to gather data on 
appropriate medical outcomes. As conditions stabilize, assessments of information needs and information collection 
practices should take place to improve information gathering and adjust to changing circumstances. 


books, and other publications 22,23,27 that address not 
only clinical aspects of disaster-related medical 
problems but also public health issues, supplies, 
logistics, program management, and other impor¬ 
tant aspects of disaster response. 

There is much evidence that improved under¬ 
standing of the consequences of disasters and di¬ 
saster relief has lead to improved practice since the 
1970s. 33,34,43 The development and implementation 
of the Federal Disaster Response Plan 52 has greatly 
facilitated appropriate and coordinated relief efforts 
in the United States (see Chapter 46: Domestic Di¬ 
saster Response: FEMA and Other Governmental 
Organization). This plan identifies the many differ¬ 
ent disaster response organizations in the United 
States and how they are to work together in a crisis. 
Internationally, the Pan American Health Organi¬ 
zation has made enormous strides in preparing for 
and coping with natural disasters in the Western 
hemisphere. Most major UN agencies and nongov¬ 
ernmental organizations have also developed much- 
improved response capabilities. 6 Nongovernmental 


organizations have also made major strides in im¬ 
proving their capabilities to respond to disasters. 6 

The 1994 civil war in Rwanda was an unprec¬ 
edented and overwhelming complex emergency 
by any standard. By the third week of international 
intervention, however, much critical information 
had been obtained through rapid assessments, 
targeted surveys, and standardized surveillance. 
The most important relief measures, such as po¬ 
table water, measles immunizations, vitamin A 
supplementation, standardized treatment proto¬ 
cols, and community outreach programs, were 
implemented based on good information and 
sound practices while other less-effective inter¬ 
ventions were curtailed. During the relief efforts 
in Rwanda, a very high level of cooperation and 
coordination among the majority of governmen¬ 
tal, nongovernmental, and military relief efforts 
was achieved. 43 There were clearly still substan¬ 
tial problems in the response to this disaster, but 
it nevertheless exemplified much of the progress 
that has been made. 
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CHALLENGES IN DISASTER RELIEF 


Despite the advances made in the knowledge and 
practice of disaster relief, many challenges remain. 
The number of disaster-affected persons in the 
world continues to increase, and the numbers of 
disasters and disaster-affected persons will prob¬ 
ably continue their almost exponential rise. 5,29,33 


Alternative Approaches 

Focusing only on the acute, emergency response 
to an event once it has occurred is inadequate and, 
some argue, even detrimental. Early warning systems 
and early intervention strategies that may prevent 


EXHIBIT 41-1 

THE PREVENTION PARADIGM APPLIED TO DISASTERS 

Complex Emergencies 

Natural Disasters 

Primary Prevention (action taken before the disaster to avoid or minimize adverse effects) 

• Establish and maintain sound public health 

• Conduct risk analysis of natural threats 

programs, including surveillance 

• Promote safe engineering and building practices 

• Foster development overall and within health 

• Foster development overall and within health 

sector 

sector 

• Promote disarmament and demilitarization 

• Develop early warning and rapid evacuation 

• Promote democracy and democratic institutions 

systems 

• Develop disaster contingency plans and public 

• Develop disaster contingency plans 

health early warning systems 


Secondary Prevention (actions taken when the disaster 

is imminent or in its early stages) 

• Perform public health assessments and early 

• Implement early warning and rapid evacuation 

interventions as indicated 

• Implement contingency plans 

• Use diplomatic and / or military pressure or 


intervention 


• Conduct advocacy to alert decision-makers and 


public 


Treatment (actions taken during or after the disaster to treat the effects) 

• Conduct rapid assessments, targeted surveys. 

• Conduct rapid assessments, targeted surveys. 

and outbreak investigations 

and outbreak investigations 

• Undertake peacemaking or peacekeeping 

• Provide emergency relief services 

interventions 


• Provide emergency relief services 


• Conduct advocacy to alert decision-makers and 


public 


Tertiary Prevention (actions taken post-disaster to prevent further ill effects) 

• Stabilize peace 

• Rehabilitate society, economy, and health 

• Rehabilitate society, economy, and health 

systems 

systems 

• Resume development 

• Resume development 


• Demobilize militaries 


• Dearm and clear landmines 


• Strengthen democratic institutions 
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crises from being so severe are important in coping 
with complex emergencies as well as natural disas¬ 
ters. 6,43,46,53 With the dramatic rise in complex emer¬ 
gencies, the resources devoted to emergency response 
has increased markedly in the past few years. At 
the US Agency for International Development, for 
example, the dramatic shift in funds from long-term 
development programs to disaster response may, 
ironically, serve to exacerbate the threat and conse¬ 
quences of disasters by sapping funds that other¬ 
wise would be used for infrastructure improvement 
and disaster preparedness. 53,54 A true preventive 
approach would call for better development strate¬ 
gies, preventive diplomacy, and early conflict reso¬ 
lution. Once a crisis has occurred and emergency 
relief efforts have been begun, increased resources 
should be devoted to the stabilization, rehabilita¬ 
tion, and development of the affected communities 
(Exhibit 41-1). Without this, a society can plunge 
back into a catastrophe, as occurred in Somalia. 

How limited emergency response resources are 
allocated around the world is a concern. Some ob¬ 
servers argue that particularly during the Cold War, 
but still today, populations who receive relief often 
have been chosen on the basis of political agendas 
rather than true need. The media can play a critical 
role in determining which crises receive public at¬ 
tention. In general, government-controlled areas 
instead of rebel-controlled areas, refugees instead 
of internally displaced persons, and regions of in¬ 
terest to the major powers instead of regions less 
strategically valuable receive more international 
assistance. 53 Thus some have argued that the inter¬ 
national community needs improved mechanisms 
to determine who merits international aid. 55 

Coping with Violence 

Many humanitarian emergencies today are inex¬ 
tricably linked with violence. 31,32,56-60 Fighting is 
waged between various factions, many of whom do 
not recognize or follow international humanitarian 
law. Unfortunately, as has been well described re¬ 
garding Cambodia and the Sudan, the provision of 
humanitarian relief can easily be perceived as a 
partisan act or it can be overtly manipulated for the 
benefit of certain warring factions. 7,46,59 Many hu¬ 
manitarian organizations are struggling with how 
to work with "predator" states (those governments 
that exist to prey on their own population) or 
amoral warlords while providing impartial and 
neutral humanitarian aid. 

In some emergencies, the greatest public health 
threat may be violence. In the former Yugoslavia, 


for example, many more people were killed by shell¬ 
ing and shooting than by food shortages and dis¬ 
ease. 60,61 The provision of traditional humanitarian 
relief can be largely ineffective in such circum¬ 
stances; the most effective humanitarian relief 
would be enforcing and keeping the peace. 32,57,60,61 

Provision of relief is dangerous for humanitar¬ 
ian workers. As of 1996, more than 1,000 relief work¬ 
ers had been killed in the former Yugoslavia. The 
International Committee of the Red Cross has had 
over 35 workers killed between 1992 and 1997. 62 
Relief organizations are struggling with how to 
operate in insecure environments without having 
to resort to arms themselves or depend on military 
forces to protect them. 

Improved Strategic Planning and Coordination 

In domestic disaster response, local, state, federal, 
civilian, and military agencies must work together. 
Internationally, United Nations agencies, nongovern¬ 
mental organizations, the International Committee 
of the Red Cross, local officials, and militaries must 
cooperate. The diversity of the many participants 
in humanitarian assistance has been both a blessing 
and a curse. The independence, autonomy, and flex¬ 
ibility of some relief agencies, particularly the 
nongovernmental organizations, have been critical in 
many situations, but the lack of overall strategies 
and poor coordination among the various participants 
have hampered many relief efforts. 9,53 There is a 
need for much-improved strategic planning, coordi¬ 
nation, and cooperation among the major respond¬ 
ers. 63 Without an overarching strategy that most 
participants support, it is impossible to address the 
almost intractable causes and consequences of com¬ 
plex disasters. Within the United States, the Federal 
Response Plan and related efforts have improved 
domestic disaster response coordination substan¬ 
tially. While progress has been made on the inter¬ 
national scene, much more work needs to be done. 

Improved Emergency Response 

Even though much of the science of good relief 
is well delineated, problems still remain in implement¬ 
ing effective emergency relief programs. Despite a 
massive international relief effort in northern Iraq 
during the Kurdish refugee crisis, many deaths oc¬ 
curred due to preventable diarrheal disease. This 
was in large part a failure to implement basic envi¬ 
ronmental health interventions and diarrhea con¬ 
trol programs early enough in this crisis. 45 The 
Goma (Zaire) Epidemiology Group reported after 
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the Rwanda refugee crisis that there is an urgent 
need for more intensive and focused training of re¬ 
lief workers in the prevention and management of 
diarrheal diseases and other essential relief pro¬ 
grams, such as measles immunization, public health 
surveillance, community outreach, and nutritional 
rehabilitation. 43 

Recent emergencies have fueled considerable 
discussion about how relief workers are trained and 
whether there should be standards of practice or 
even some type of certification for relief workers. 
Disaster medicine is still in its infancy as a recog¬ 
nized field of medical practice, and its training lacks 
uniformity and a curriculum that covers the range 
of knowledge needed to cope with disasters. 20,64,65 
Many relief workers, although well-intentioned, are 
often recruited and sent out on short notice with 
little preparation or training. In many disasters, re¬ 
sponders are also burdened with large quantities 
of unneeded and unwanted supplies. 66,67 Well-inten¬ 
tioned but inappropriate relief supplies actually 
hinder rather than help relief efforts. 

Need for Research 

Despite many advances in the discipline of 
disaster medicine, much research is still needed to 
better elucidate the health effects of disasters and 
ensuing medical needs. Much disaster planning and 
response is based on anecdotal reports, which are 
sometimes valuable but are often sources of non- 
uniform, nonobjective, and nonspecific data. An 
improved understanding of the epidemiology of 
disasters is clearly needed so that more appropriate 
choices can be made about relief supplies, equip¬ 
ment, and personnel. 20,68 Many questions still re¬ 
main about the role and effectiveness of different 
interventions. An example is the considerable dis¬ 
cussion following the Rwanda crisis on the best use 
of new cholera vaccines in emergency situations. 69 
Research is needed to develop standardized and 
valid assessment tools, reliable surveillance programs, 
low-technology environmental health interven¬ 
tions, and more effective intervention strategies. 20,34 

Very little work has been done to evaluate the 
cost-effectiveness of various relief efforts. Only 
rarely have relief organizations or the military been 
held accountable for the money they spend in relief 
efforts, but measuring outcomes and effectiveness 
of relief interventions is increasingly demanded by 
donors, politicians, and commanders. The cost-ben¬ 
efits of investing in emergency response, as opposed 
to prevention, conflict resolution, and development, 
are not well delineated. 53,70 


New Threats: Land Mines, Laser Weapons, and 
Terrorists 

One of the most pressing and overwhelming 
challenges ahead is coping with land mines. 71-74 The 
100 million to 200 million land mines that are in the 
ground in more than 65 countries, with almost no 
records of their location, are a massive public health 
emergency. 60 Many mines have been placed as in¬ 
struments of terror in areas of no military strategic 
value. Livestock, herders, and children are at great 
risk. Mines are not only immediately devastating to 
victims but also impose tremendous burdens in the 
rehabilitation of survivors. In Cambodia, approxi¬ 
mately 1 in 250 persons is a land-mine amputee. The 
health care system of Cambodia is overwhelmed 
with caring for and rehabilitating these victims. 72 
Other places, such as Eritrea, Afghanistan, Egypt, 
and the former Yugoslavia, have literally millions 
of land mines in place. 60 

An emerging concern is the development of laser 
weapons as a weapon of terror. The technology of 
lasers for military use on the battlefield has progressed 
markedly since 1980. Because lasers have now be¬ 
come lightweight and portable and require only 
low-energy sources to operate, it is possible for an 
individual to carry a small laser rifle that is silent, 
is easily hidden, and has the potential to perma¬ 
nently blind large numbers of persons indiscrimi¬ 
nately. Protection against these weapons is very 
difficult. Although such blinding weapons have not 
yet been employed, some fear they will appeal to 
some military commanders and terrorists alike. 75 

Terrorism itself is not new. What is new, how¬ 
ever, is that terrorists today have unparalleled ac¬ 
cess to highly destructive weapons. Conventional 
explosives, nuclear devices, and chemical and bio¬ 
logical weapons are all potential terrorist weapons. 
Information on how to construct bombs and weap¬ 
ons of mass destruction is readily available through 
public libraries and the Internet. The materials to 
build most weapons are available from a variety of 
commercial sources. Some observers have argued 
that terrorism is appealing to many groups unable 
to achieve their goals by conventional military or 
political means, and the world is unprepared to 
cope with the increasing threat posed by terrorist 
actions. 76-78 

Vulnerable Populations 

The unique concerns of women, particularly those 
who are pregnant or lactating, are an important fo¬ 
cus of disaster relief. Epidemiologic studies 22,43 
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document that in some disasters women have less 
access to medical care and other relief services. And 
while data are limited, pregnancy, sexually trans¬ 
mitted diseases, sexual abuse, and human immu¬ 
nodeficiency virus infection are believed by some 
investigators to be common issues in many disas¬ 
ter-affected populations, especially refugees and 
internally displaced populations. 79-81 Few relief pro¬ 
grams have yet addressed these issues. 

The special problems of children have been increas¬ 
ingly recognized. Children are more vulnerable 
than adults to many of the adverse health effects of 
disasters, such as malnutrition and infectious dis¬ 
eases. Additionally, the plight of unaccompanied 
children in Rwanda illustrated a problem common 
to many complex emergencies. 82 The psychological 
impact of disasters on children has only just begun 
to be documented but is clearly profound. The ap¬ 
palling practice of using children as soldiers in 
many countries of the world is a crisis of unprec¬ 
edented proportions. 83,84 

International Humanitarian Law 

Relief workers face many difficult challenges in 
the realm of international humanitarian law. Un¬ 
der current law, internally displaced persons and 
nondisplaced persons do not have the same right 
to protection as those who cross international bor¬ 
ders and thereby become refugees. The provisions 
of international humanitarian law that were writ¬ 
ten principally to deal with conflict between sover¬ 
eign nations are difficult to apply to conflicts that 
occur within a country's borders. 85-87 Contradictory 
interpretations of the Geneva Conventions and how 
they apply to complex emergencies have compli¬ 
cated some relief efforts. 46 

Recent disasters in Rwanda, Somalia, and the 
former Yugoslavia are characterized by profound 
human rights abuses, such as torture and genocide. 
Issues of education of combatants regarding in¬ 
ternational humanitarian law, enforcement of hu¬ 
manitarian laws, and prosecution of war criminals 
remain extremely difficult but critical problems. 87 

MILITARY INVOLV1 

Disaster relief is not a new mission for the mili¬ 
tary forces of the United States or for many other 
developed nations. Gaydos 93 describes many of the 
reasons military forces often become involved in hu¬ 
manitarian assistance, such as the ready availabil¬ 
ity of highly capable forces, the similarities between 
traditional military missions and disaster response. 


Using Information Technologies 

How to best use information technologies is an 
important issue in disaster relief. Epidemiologists and 
other responders have used computers to gather and 
analyze data rapidly. Disaster responders are also 
learning to take advantage of global positioning sys¬ 
tems, electronic mail, and satellite and cellular phones. 
They are learning to use computers to improve man¬ 
agement of other aspects of relief efforts, such as the 
Pan American Health Organization's computer program 
that helps manage relief supplies. 88 Computer-based 
models have been developed that predict environ¬ 
mental effects of natural disasters. 89 A variety of bul¬ 
letin boards and home pages on the Internet have been 
established to facilitate training and information ex¬ 
change, such as the Federal Emergency Management 
Agency's website at http: / / www.fema.gov. Comput¬ 
ers and distance-learning technologies are increas¬ 
ingly used in training of relief workers, but their full 
potential has yet to be understood or reached. 90-92 

Expanding Professional Boundaries 

Preventive medicine is fundamentally concerned 
with improving and protecting health. Accomplish¬ 
ing this after disasters requires a multi-disciplinary 
approach that may go well beyond usual preventive 
medicine practice. Preventive medicine personnel are 
likely to become involved with logistics, communi¬ 
cations, triage, evacuation, and other areas. The pre¬ 
ventive medicine professional may have to work 
closely with a confusing variety of local, state, fed¬ 
eral and international agencies. Wasley notes that in 
the aftermath of natural disasters, epidemiologists 
must work not only with health care personnel but 
also with engineers, seismologists, meteorologists, 
sociologists, and anthropologists. 5 In complex emer¬ 
gencies, the media, politicians, human rights organi¬ 
zations, local health officials, and other militaries may 
be added to the list. Preventive medicine personnel 
involved in a complex emergency must expand their 
professional boundaries to effect the greatest good in 
disaster-affected populations. 25 

ENT IN DISASTERS 

and the training opportunities. 

Military forces of many nations are likely to con¬ 
tinue to play a role in disaster response both within 
their own countries and abroad. As the problem of 
responding to the use of chemical or biological 
agents grows, some militaries are likely to have a 
particular role in this area, given their unique ca- 
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pabilities. 37-39,94 Subsequent chapters in this section 
describe in more detail many of the important con¬ 
siderations of using military forces in various types 
of disaster response. 

In regard to the military's response to complex 
emergencies, the predominant and most devastat¬ 
ing type of disaster in the post-Cold War era, the 
Kurdish relief effort in 1991 was in many respects a 
watershed. In this crisis, the militaries of the United 
States and a number of other developed countries 
were called on to deal with over half a million dis¬ 
placed persons, a formidable problem. However, 
conditions were almost perfect for a successful mili¬ 
tary intervention. 95 The US military and other par¬ 
ticipating militaries were quickly able to establish 
a safe haven in northern Iraq. With security estab¬ 
lished, the military filled what was then an impor¬ 
tant void in the international humanitarian response 
system by organizing and orchestrating relief efforts 
on the ground. Solutions to the crisis, primarily es¬ 
tablishing security, providing emergency relief, and 
then facilitating the return of the displaced persons 
to their homes, were attained in a short period of 
time. 

Based on this success, the militaries of developed 
nations were regarded by many as critical future 
participants in responding to the marked increase 
of complex emergencies in the post-Cold War 
world. Outside military intervention in complex 
emergencies was viewed as a solution to security 
issues, as well as a way to provide critical emer¬ 
gency logistical support in dangerous or remote 
areas. 9 The initial wave of enthusiasm for military 
intervention in complex emergencies was quickly 
tempered, however, by events in Somalia in 1993 
when a number of US peacekeeping personnel were 
killed. In addition, there were serious problems 
with coordination between the military and the re¬ 
lief organizations, which, in contrast to the situa¬ 
tion in Kurdistan, had been in Somalia for many 
years prior to military intervention. 96,97 Other large 
international relief missions that followed the 
Kurdish crisis, such as those in the former Yugosla¬ 
via and in Rwanda, in which relief problems were 
also much more complex, perhaps even intractable, 
also showed that using military forces in a humani¬ 
tarian role would not always be so easy. 

How the military best fits into international hu¬ 
manitarian response remains an area of much dis¬ 
cussion and controversy. Military forces clearly 
have many positive attributes in the emergency 
provision of humanitarian services. In addition to 


providing security, which sometimes may be their 
most important contribution, militaries can add 
critical transportation assets, logistics expertise, 
command and control systems, deployable medi¬ 
cal facilities, and intelligence capabilities. 9,26 

Military forces have significant constraints as well. 
Some have questioned the effectiveness of using mili¬ 
tary forces for humanitarian relief. 98 There is little 
evidence to show that much is accomplished for the 
often tremendous amounts of money and resources 
expended to deploy servicemembers. Using a medi¬ 
cal organization that is staffed, trained, and 
equipped to support combat operations for a hu¬ 
manitarian mission can be problematic. Military 
medical staff are often ill-trained and equipped to 
cope with disaster relief situations. 26 Line command¬ 
ers may not fully appreciate the public health issues 
in disaster response or their solutions. Some have 
argued that the use of armed forces is fundamen¬ 
tally incompatible with and may even be detrimen¬ 
tal to accomplishing humanitarian objectives. 98 
Armed forces usually support only some factions 
in the conflict or will be perceived as supporting 
only certain interests, 43 which can make neutral, 
impartial relief problematic. Some have argued that 
the use of military force in complex emergencies is 
symptomatic of a failure of political will, and while 
it may offer a respite, military intervention is unlikely 
to result in long-term solutions. 97,98 

The US government and military must resolve a 
number of difficult issues. Other nations face simi¬ 
lar dilemmas. One of the most important is the role 
of military forces in the post-Cold War era, and 
whether armed forces should embrace disaster re¬ 
lief and humanitarian assistance as one of their prin¬ 
cipal missions. If humanitarian assistance is indeed 
a core mission, strategies to determine which cri¬ 
ses warrant intervention need to be elaborated. 
Much effort has been expended in developing 
mechanisms for the military to work effectively 
with other relief agencies. 99,100 The Federal Response 
Plan is an excellent template for the role of the mili¬ 
tary in domestic disaster response. On the interna¬ 
tional scene, though, how military forces relate to 
other disaster responders and where they fit into 
an overall disaster response architecture are still 
contentious issues. In addition, as the military con¬ 
tinues to downsize and resources to support more 
traditional combat missions are increasingly lim¬ 
ited, there will continue to be problems regarding 
adequate staffing, training, and equipment for these 
missions. 


1282 


The Challenge of Humanitarian Assistance in the Aftermath of Disasters 


SUMMARY 


The world of disasters and disaster relief is quite 
complex. The military preventive medicine officer 
involved in these types of efforts must understand 
not only the public health consequences of disas¬ 


ters but also the intricacies of the existing disaster 
response systems, the challenges facing disaster re¬ 
sponders, and the US military's role in this often 
chaotic environment. 
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INTRODUCTION 


The involvement of the US military in providing 
disaster relief is an original intent of the Constitu¬ 
tion and is defined in Titles 10 and 32 of the US 
Code. 1 Humanitarian disaster relief efforts date 
back to the pre-Civil War era, when Congress in 
1847 approved the loan of naval vessels for trans¬ 
port of supplies to the victims of the Irish potato 
famine. 2 Army troops were subsequently used in 
the administration and maintenance of stockpiles 
of food, clothing, and tents during domestic relief 
operations. After the turn of the 20th century, the 
Army also assumed a role in the conduct of sanita¬ 
tion and vaccination programs in the United States 
and its territories. 2 Since 1972, the military has been 
actively involved in conducting medical, logistic, 
operational, and command and control functions 
during emergency humanitarian relief after major 
natural disasters. Examples include earthquakes 

MILITARY ROLE AND 


(Peru, 1970; Nicaragua, 1972; Guatemala, 1976), 
floods (Sudan, 1988; Venezuela, 1999), windstorms 
(Bangladesh, 1970, 1991; Sri Lanka, 1978; Florida, 
1992, 1995; Hawaii, 1992; Central America 1998- 
1999), and volcanic eruptions (Philippines, 1990). 3,4 

Since the Persian Gulf War in 1991, the US mili¬ 
tary has deployed smaller contingents more fre¬ 
quently in peacekeeping operations and civilian 
assistance missions. For example, on a typical day 
in April 1996, as many as 41,000 US Army soldiers 
were deployed on temporary duty to as many as 59 
separate locations in the United States and overseas 
in support of foreign humanitarian assistance mis¬ 
sions. 5 Clearly, there is an ever-increasing need for 
military preventive medicine and other medical 
personnel to know about the specific needs that 
arise in domestic or international natural disaster 
relief operations. 

RESPONSIBILITIES 


In the event of a natural disaster, the military may vices. In international scenarios, the Department of 
be tasked to provide assistance (Figure 42-1). In ei- State will request assistance through its coordinat- 
ther a domestic or international scenario, military ing agency, the Office of Foreign Disaster Assis- 
support to civil authorities is the responsibility of tance, which coordinates all military and civilian 
the Department of Defense, not the individual ser- operations. 1 Military forces will be under the com- 



Fig. 42-1. The military is unique in its ability to get rapidly deployable medical systems to the site of a disaster 
quickly. After Hurricane Andrew struck southern Florida in August 1992, destroying hospitals and clinics as well as 
homes and schools, military units responded by moving needed medical infrastructure to the area, (a) This is a front 
line ambulance (FLA) that was driven to southern Florida by members of the 82 nd Airborne Division, Fort Bragg, 
North Carolina. It transported victims to medical treatment facilities such as (b) this Air Force Air Transportable 
Hospital, which was set up close to the previously existing military hospital of Homestead Air Force Base. This 
transportable hospital was set up within a few days of Hurricane Andrew's landfall. US Army photographs. 


1291 










Military Preventive Medicine: Mobilization and Deployment, Volume 2 


mand of the Commander in Chief (CINC) respon¬ 
sible for the US military units' activities within that 
theater of operations. The CINC may establish a 
Joint Task Force (JTF) to provide the necessary re¬ 
sponse in the disaster area. The JTF Commander will 
have the responsibility, in turn, to deploy US forces 
to the area. The JTF Commander will rely on the JTF 
Surgeon to direct and coordinate the medical re¬ 
sponse. Routinely, all military preventive medicine 
(PVNTMED) assets will be subordinate to the JTF 
PVNTMED structure and will report to the JTF Sur¬ 
geon. On occasion, however, PVNTMED personnel 
or teams will provide direct assistance to a civilian 
lead agency, usually local public health officials. 

The JTF Surgeon will first focus on immediate 
lifesaving efforts and distribution of emergency 
resources through host-nation and international 
relief organizations, as well as through the host- 
nation's military. A Humanitarian Assistance Sur¬ 
vey Team is normally deployed within 12 hours of 
the CINC's notification. The team's mission is to 

TYPES OF NAT 

Disasters are catastrophic events that overwhelm 
a community's emergency response capability and 
threaten the public health and the environment. 7 
Natural disasters are a major cause of premature 
death, impaired health status, and diminished 
quality of life. 8 It is estimated that between 1977 
and the mid-1990s, 3 million people have been 
killed by natural disasters, 820 million others have 
been adversely affected, and property worth $25 
billion to $100 billion has been damaged. 9,10 It was 
estimated that the US government spent an average 
of $1 billion per week in 1994 as a result of natural 
disasters. 11 

The natural disasters to be considered in this 
chapter can be subdivided into (a) climatological 
(ie, weather-related) disasters, such as windstorms, 
tornadoes, and floods (including associated land¬ 
slides and avalanches), and ( b ) geophysical disas¬ 
ters, such as earthquakes, tsunamis, and volcanic 
eruptions (Table 42-1). These two types of disasters 
are generally of sudden onset and pose unforeseen, 
serious, and immediate threats to public health. 
Other disasters requiring external assistance but 
that are predictable and slowly developing in na¬ 
ture will not be considered here. 9,12 These include 
droughts, which are often associated with famine 
and desertification, and wildfires, which can some¬ 
times be caused by natural forces such as lightning, 
extreme heat, earthquakes, or volcanic eruptions. 


assess mortality, injury and illness, dislocation or 
displacement of persons, and disruption of govern¬ 
mental and national infrastructure. Within 48 to 72 
hours, direct relief operations will start in the af¬ 
fected area. At the same time, a Civil-Military Op¬ 
erations Center directed by the US military will be 
established to provide security and humanitarian 
assistance in the field in coordination with the 
United Nations (UN), non-governmental and pri¬ 
vate volunteer organizations, and the local military. 1 
See Chapter 45, The International Humanitarian 
Response System, for a further explanation of the 
roles of these organizations in disaster relief. 

In the absence of a large-scale military PVNTMED 
deployment or when military PVNTMED profession¬ 
als are involved in a disaster response only as con¬ 
sultants, the chain of command is not as clear. It is 
essential, however, that one individual, preferably 
the senior military officer present, coordinate the 
military response with the local government agency 
responsible for the relief effort. 6 

AL DISASTERS 

Windstorms 

Windstorm-related events cause an average of 
30,000 deaths and $2.3 billion in damages world¬ 
wide each year. 9 Severe tropical storms (called hur¬ 
ricanes if they are located in the Atlantic Ocean, 
Caribbean Sea, and eastern Pacific Ocean; typhoons 
in the western Pacific; and cyclones in the Indian 
Ocean), tornadoes, blizzards, and other storms af¬ 
fect man-made structures and agricultural areas in 
every country of the world (Figure 42-2). About 15% 
of the world's population is at risk from tropical 
storms. Tornadoes are notorious in the midsection 
of the United States, with some reaching wind 
speeds of 500 kph (300 mph). As many as 700 to 
1,000 strike that area every year, causing an aver¬ 
age of 80 deaths per year. 9,13 

Floods 

Flooding, generally the result of torrential rains 
and other factors such as poor farming practices, 
deforestation, and urbanization, was responsible 
for more than 63% of the federally declared disas¬ 
ters in the United States from 1965 to 1985. Floods 
are the most commonly occurring natural disaster 
worldwide. In the United States alone they cause an 
average of 140 deaths per year. Their impact is long¬ 
term because of (a) damage to human settlements. 
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TABLE 42-1 


MAJOR NATURAL DISASTERS AND ASSOCIATED MORTALITY 


Type 

Country (Yr) 

No. of Deaths 

Climatological 

Windstorms 

East Pakistan (1970) 

300,000 


Bangladesh (1991) 

140,000 


East Pakistan (1963-1965) 

10,000-30,000 ea 


India (1971) 

10,000-25,000 


India (1977) 

20,000 


Bangladesh (1988) 

15,000 


Hong Kong (1906) 

10,000 


USA—Galveston, Texas (1900) 

> 6,000 + 


USA—Florida; Louisiana (1992) 

50* 

Tornadoes 

USA—Illinois; Indiana; Missouri (1925) 

689 

Floods / Landslides 

China (1887) 

900,000 


China (1969) 

> 50,000 


USA—9 Midwest states (1993) 

50 § 

Geophysical 

Earthquakes 

China (1556) 

830,000 


India (1737) 

300,000 


China (1976) 

240,000 


China (1920) 

200,000 


Japan (1923) 

143,000 


USSR (1948) 

100,000 


Italy (1908) 

75,000 


China (1932) 

70,000 


Peru (1970) 

70,000 


Iran (1990) 

40,000 


Armenia (1988) 

25,000 


Iran (1978) 

25,000 


Guatemala (1976) 

23,000 


USA—Anchorage, Alaska (1964) 

131 


USA—Loma Prieta, California (1989) 

62 


USA—Northridge, California (1994) 

ON 

O 

Tsunamis 

Indonesia (1883) 

36,000 


Japan (1933, 1946, 1983, 1995)* 

1,000-5,000 ea 

Volcanic eruptions 

Martinique (1902) 

38,000 


Colombia (1985) 

25,000 


Sicily (1669) 

20,000 


Guatemala (1902) 

6,000 


Indonesia (1919) 

5,200 


Four separate events are shown 
^Deadliest natural disaster in US history 

^Costliest hurricane disaster. Hurricane Andrew, in US history ($32 billion) 

^Costliest flood disaster in US history ($10 billion) 

'"Costliest natural disaster in US history ($40 billion) 

Data sources: (1) Sharp TW, Yip R, Malone JD. US military forces and emergency international humanitarian assistance: observa¬ 
tions and recommendations from three recent missions. JAMA. 1994;272:386-390 (2) Sidel VW, Onel E, Jack Geiger H, Leaning J, 
Foege WH. Public health responses to natural and human-made disasters. In: Last JM, Wallace RB, eds. Maxcy-Rosenau-Last Public 
Health and Preventive Medicine. 13th ed. Norwalk, Conn: Appleton & Lange; 1992: 1173-1186 (3) National Research Council Advi¬ 
sory Committee on the International Decade for Natural Hazard Reduction Report. Confronting Natural Disasters: An International 
Decade for Natural Hazard Reduction. Washington, DC: National Academy Press; 1987: 1-60 (4) Lechat MF. Disasters and public 
health. Bull World Health Organ. 1979;57:11-17 (5) National Geographic Society. Raging Forces: Earth in Upheaval. Washington, DC: 
National Geographic Society; 1995 (6) Disasters. The World Book Encyclopedia. Chicago: World Book Inc.; 1988: D225. 
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Fig. 42-2. Devastation of a mobile home 
park in southern Florida by Hurricane An¬ 
drew in August 1992. This level of destruc¬ 
tion presented a range of problems to res¬ 
cue workers, from navigating streets with 
no street signs or traffic lights to dealing 
with broken water and gas lines, downed 
electrical lines, and lots of debris. US Army 
photograph. 


(. b ) forced evacuation or migration of large numbers 
of people, (c) damaged crops and food stocks, (d) 
erosion of large areas of land, and (e) loss of vital 
irrigation systems that have been washed away. The 
Mississippi River flood of 1993, the costliest flood 
disaster in US history, caused an estimated $10 bil¬ 
lion in damages. Landslides, which often follow 
floods, cause an estimated $1 billion to $2 billion in 
economic losses and 25 to 50 deaths each year in 
the United States. 13 

Earthquakes and Tsunamis 

Earthquakes have the potential for causing the 
greatest human losses of all natural disasters. 
Dangers associated with earthquakes include 
other phenomena, such as surface faulting, land¬ 
slides, and tsunamis. Tsunamis are large ocean 
waves generated by the earth's motion occurring 
in the ocean's bottom, which cause damage by 
inundation, wave impact on structures, and 
coastal erosion. At least 35 countries, mostly lo¬ 
cated in the Pacific region's "Rim of Fire," face a 

IMPACT OF DISASTER 

Early warning systems allow the population to 
prepare, especially in cases of windstorms and tsu¬ 
namis. It is important that early warning systems be 
in place to foster early evacuation and proper shelter¬ 
ing of communities threatened by these types of di¬ 
sasters. The timing of the warning is all-important; 
the earlier the notification, the more effectively the 
evacuation can be conducted, even if this means 
false alarms are given. The development of Dop¬ 
pler radar technology in the 1980s has helped tre- 


high probability of earthquakes or tsunamis. Sci¬ 
entists estimate that there are some 500,000 de¬ 
tectable quakes worldwide each year. Of these, 
1,000 are capable of causing significant damage. 
The extent of damage depends on three main fac¬ 
tors: the quake's magnitude, its proximity to 
populated urban areas, and the population's de¬ 
gree of preparation. 13 

Volcanic Eruptions 

Volcanic eruptions have killed more than 266,000 
people in the past 400 years. 9 There are, on aver¬ 
age, 50 volcanoes erupting above sea level each 
year. 13 Eruptions have immediate catastrophic ef¬ 
fects through ash falls, surges of lethal gas, blasts, 
mudflows (also known as lahars), and lava flows. 
Fatalities occur in approximately 5% of all erup¬ 
tions. Very large eruptions can also cause world¬ 
wide climatic changes and agricultural disruption, 
as was illustrated by the eruptions of Mount St. 
Helens in Washington State (1980) and Mount 
Pinatubo in the Philippines (1991). 

*EPAREDNESS PLANS 

mendously in preventing problems associated with 
windstorms in the United States and the Caribbean 
region. 12 An adequate predisaster preparedness plan, 
such as the one in California, has limited the mortal¬ 
ity of recent earthquakes in Loma Prieta (1989, 62 
deaths) and Northridge (1994, 60 deaths). 14 Also 
reasons for decreased mortality and morbidity in 
the United States after natural disasters are the 
availability of pre-determined evacuation routes, a 
National Disaster Medical System (see Chapter 46, 
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Domestic Disaster Response: FEMA and Other Gov¬ 
ernmental Organizations) for medical regulating of 
casualties, and government and private agencies 
with dedicated resources for disaster relief, facilitated 
by the Disaster Relief Act of 1974. 9 There is no ques¬ 
tion that vital preparedness programs and public 
awareness in the United States have been major fac¬ 


tors in reducing mortality rates after natural disas¬ 
ters since 1982. 15 Similarly, the countries of Latin 
America and the Caribbean (with assistance from 
the Pan American Health Organization) have also 
developed health preparedness plans and training 
that have greatly improved the response to natural 
disasters in the region. 


SURVEILLANCE 


A basic knowledge of the types of illnesses and 
injuries caused by natural disasters is essential to 
determine appropriate relief resources on-site, such 
as supplies, equipment, and personnel. 16-17 A knowl¬ 
edge of the phases of a disaster is also useful. Di¬ 
sasters have three phases: the impact phase, which 
includes 2 to 3 days after the event; the relief phase, 
which is an indeterminate amount of time when 
active relief activities are ongoing; and the rehabili¬ 
tation phase, during which life and disease rates 
start to return to normal. Epidemiologic surveil¬ 
lance is the tool used to evaluate the distribution 
and determinants of disaster-related deaths, ill¬ 
nesses, and injuries in the population affected. Sur¬ 
veillance efforts also tend to separate into three 
types: (1) immediate ("quick and dirty") assess¬ 
ment, (2) short-term assessment, and (3) ongoing 
medical surveillance (Table 42-2). An explanation 
of each follows. 

Immediate Assessment 

This "quick and dirty" type of surveillance in¬ 
volves the rapid collection of information immedi¬ 
ately after (within 2 to 3 days) the impact phase of 
a disaster to help define the geographic extent of the 
disaster, the major problems occurring before and 
immediately after the disaster, and the number of 
people affected. In this initial survey, quantifiable 
but not highly technical information is collected by 
the military PVNTMED health officer in charge. An 
aerial survey by helicopter is an ideal means of ob¬ 
taining part of this information. Census data can 
be obtained from local health and disaster assistance 
centers. This will provide a rough estimate of the 
population living in the disaster-stricken area—the 
denominator or population at risk. The measure¬ 
ment of total and age-specific mortality is useful to 
quickly evaluate the severity of the impact phase 
of a disaster. 12 Hospitals, clinics, and morgues may 
be able to provide estimates of numbers and types 
of known deaths and injuries that have occurred 
within 2 to 3 days after the event. 8-19 Background, 
or baseline, data can be collected from reporting 


medical treatment facilities (MTFs) and practitio¬ 
ners in the area to help define disease and injury 
patterns existent before the disaster. 19 

Monitoring patterns of visits to health care sites 
after a disaster is a vital part of surveillance. The 
number of deaths or injuries usually peaks in the 
first 3 to 4 days, which is the impact phase. Mor¬ 
bidity usually returns to baseline after 1 to 2 weeks 
during the relief phase (more quickly for earthquakes, 
more slowly for other natural disasters). The medi¬ 
cal needs after the impact phase is over are related 
to normal, baseline medical conditions and emer¬ 
gencies, not to disaster-associated trauma. Except 
in the case of earthquakes, the number of disaster 
casualties requiring medical attention immediately 
after the impact is usually low in relation to the 
number of deaths. 12 Major earthquakes can produce 
a very high number of deaths compared to the num¬ 
ber of injuries (ie, a high disease-to-injury ratio) 
during the impact phase. The evaluation of the need 
to deploy field emergency MTFs or mobile surgical 
hospitals by the military has to be done immedi¬ 
ately after impact, based on initial estimates of 
morbidity, because these facilities are of less prac¬ 
tical use later, during the relief phase. 

Short-term Assessments 

This type of surveillance involves a more system¬ 
atic and detailed method of collecting data and 
should result in more reliable and refined estimates 
of damages, condition of shelters and health care 
facilities, water and food supply, and nutritional 
status of the affected population. The measurement 
of total, age-specific, and cause-specific morbidity 
rates, as well as the death-to-injury ratio, are more 
reliable parameters to evaluate the postimpact se¬ 
verity and are significant in the planning of the 
need for relief supplies, personnel, and equipment. 
Other health-related outcomes that are useful for 
planning include the bed occupancy rate, the area- 
specific injury rates, the proportional morbidity rate 
(ie, percentage of visits for each cause), and the av¬ 
erage duration of stay in the hospital. 12-15-20-21 It is 
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TABLE 42-2 

EPIDEMIOLOGIC METHODS USED IN THE ASSESSMENT OF NATURAL DISASTERS 
Type of Method Characteristics 


1. Immediate Assessment Is rapid, superficial, "quick and dirty" (look and listen) 

Is conducted preferably within 2 to 3 d of impact 
Defines geographical extent of disaster 

Defines major health problems encountered (deaths and injuries) 

Estimates number of people affected (denominator) 

Assesses roughly 

- availability of shelter facilities 

- access to potable water 

- current level of sanitation 

- status of health care infrastructure 

- level of communications network 

- status of transportation systems 

2. Short-term Assessment Uses more systematic and detailed methods (surveys, questionnaires) 

Is conducted within the first week after impact, then every 1 to 2 wks as 
necessary 

Uses cluster, modified cluster, or random sampling methods 
Determines number of deaths and injuries by age and sex 
Assesses in a more complete fashion 

- damage to buildings, public utilities, roads, transport, and 

communication systems 

- condition of shelters, schools, public buildings, and health facilities 

- condition of water and food supply 

- type and number of medical personnel, equipment, and supplies in area 

- nutritional status of affected population 

3. Ongoing Medical Surveillance Is longer-term monitoring of disaster-associated problems 

Starts as soon as possible after impact 
Is run by local workers at each site 

Monitors daily the visits to health care facilities categorized by age, sex, 
location, and diagnostic or symptom group 
Daily monitoring of number of beds available and deaths 
Is established early at MTFs, DMATs, shelters, tent cities, camps, food distri¬ 
bution centers, and daycare centers 

Serves as excellent source of reports or rumors of problems that may need to 
be investigated 

Allows analysis of data for critical evaluation of relief efforts and cost- 
effectiveness of emergency response measures 


MTF: medical treatment facility 
DMAT: disaster medical assistance team 


important to remember, however, that for these 
health outcomes to be evaluated appropriately, 
comparisons have to be made with baseline (ie, 
predisaster) experiences. 

This assessment preferably should be conducted 
by mobile teams of 2 to 3 people who sample the 
disaster-stricken area by dividing it into discrete 
clusters and survey a sample of homes within each 
cluster. 22,23 Teams from the Centers for Disease Con¬ 


trol conducted rapid health assessments, in a good 
example of this approach, immediately after Hur¬ 
ricane Andrew in southern Florida and Louisiana. 23 
The information requested in these surveys should 
be as brief and concise as possible. These assess¬ 
ments may take only a few hours to administer and 
collect or they may take a few days. The data should 
be compared with predisaster, baseline data and the 
results summarized in a report to be sent to either 
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the JTF Surgeon or the local government agencies 
responsible for the relief effort or to both. 

Ongoing Medical Surveillance 

The basic principles of epidemiologic surveillance 
after disasters are no different from those applied 
in other settings. 16,24 Ongoing medical disaster 
surveillance is directed at monitoring disaster- 
associated problems and determining the effects 
that relief activities have on these problems. It 
should start as soon as possible after impact and 
concurrently with emergency care of casualties. It 
should continue throughout the relief and rehabilita¬ 
tion phases. The initial setup of this early warning 
system to detect outbreaks of infection or diseases 

EPIDEMIOLOGIC ; 

The concept of a deployable epidemiologic as¬ 
sessment team was pioneered in the early 1980s 
at the Walter Reed Army Institute of Research in 
Washington, DC, and repeatedly tested during 
peacetime deployments throughout the world. 
Quickly fielding an epidemiologic assessment team 
with initial medical assets and under the direct con¬ 
trol of the JTF Surgeon is an absolute necessity. 
Military health experts who should participate as 
part of this assessment team include: (a) public 
health physicians, ( b ) epidemiologists, (c) emergency 
or family practice physicians, ( d ) community or 
public health nurses, (e) environmental health, sani¬ 
tary engineering, or entomology officers, (f) public 
health technicians, and (g) data entry clerks. Addi¬ 
tional consultants from nongovernmental organi¬ 
zations, private volunteer organizations, the Pan 
American Health Organization, the World Health 
Organization, the UN Children's Fund, the Centers 
for Disease Control and Prevention, or the country 
affected should also be included as necessary. 

Some basic information must be obtained im¬ 
mediately after arriving in the area. Maps of the 
affected area will be necessary, preferably showing 
streets, airports, and MTFs. The location of tent 
cities, camps, schools, clinics, hospitals, military 
medical units, disaster medical assistance teams, 
and civilian relief agencies need to be plotted and 
posted for easy access by team members at all times. 
Lists, including phone numbers, of all involved 
agencies should be obtained as early as possible and 
a compendium of points of contact in each location 
should be made for the use of team members and 
other JTF medical and logistics personnel. Checking 


or an increase in certain types of injuries is of 
fundamental importance. An active surveillance 
system, consisting of in-depth monitoring of se¬ 
lected conditions at existing MTFs by mobile, field- 
deployed, military medical teams, will be necessary. 
Ideally this would involve assessment teams that 
are familiar with the particular types of disaster 
areas affected, as well as local customs. Ideally, as¬ 
sessment teams should be available on stand-by in 
risk areas or disaster-prone countries where the US 
military has a presence. In practice, however, this 
effort will usually be limited to the use of selected, 
local workers at each MTF and other reporting sites 
(eg, shelters, tent cities, camps, food distribution cen¬ 
ters, daycare centers) and disaster medical assistance 
teams who will monitor conditions of interest. 

jESSMENT TEAMS 

this information with the JTF operations section 
ensures completeness and accuracy. 

Certain methods should be followed to help 
ensure the reliability and timeliness of the data 
gathered. The disaster area should be divided 
into blocks or segments. Population centers (eg, 
tent cities, camps, shelters) should be emphasized 
first in the start-up of surveillance efforts. Data 
should be collected using simple, preformatted, 
standardized forms. A list of symptom and diag¬ 
nostic categories should be created a priori, and 
data should include total numbers in each of 
these categories by age groups, sex, and report¬ 
ing location. It is also important to be able to 
separate medical visits by civilians from those by 
military personnel. Samples of reporting forms 
can be found in the surveillance chapter of this 
textbook (Chapter 31, Disease and Nonbattle In¬ 
jury Surveillance Outcome Measure for Force 
Health Protection). Initially, monitoring should 
be done daily; it should encompass facilities such 
as clinics, hospitals, tent cities, camps, shelters, 
disaster medical assistance teams, food distribu¬ 
tion centers, daycare centers, and all military 
MTFs in the area. After 2 to 3 weeks, frequency 
of reporting can be decreased to two to three 
times per week, eventually decreasing to a stan¬ 
dard of no less than once a week on return to 
baseline conditions, which usually occurs dur¬ 
ing the rehabilitation phase. The transition of 
medical surveillance responsibilities from the 
military to the local civilian health authorities 
should be done in a step-by-step fashion, prefer¬ 
ably with an overlap of 1 to 2 weeks. 
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DISEASE CONTROL 


Communicable Diseases 
Risk 

The risk of communicable disease outbreaks af¬ 
ter natural disasters is very low. Epidemics are 
likely only if a new pathogenic agent is introduced, 
transmission of preexisting pathogens is increased, 
or susceptibility of the population is increased. 25 The 
introduction of new pathogens after a natural di¬ 
saster is a rare occurrence. 

Increased transmission or susceptibility can oc¬ 
cur because of several factors. These include (a) 
malnutrition (as in the case of measles outbreaks in 
refugee populations), 26 ( b ) massive population 
movements, which cause increases in crowding and 
concomitant increased risk of infection with respi¬ 
ratory pathogens by person-to-person transmission 
(eg, meningitis, tuberculosis, viral respiratory 
pathogens), and (c) deterioration of environmental 
and personal hygiene, causing increased risk of 
waterborne and foodborne diseases (eg, cholera, 
shigellosis, hepatitis). 27-29 Additionally, the in¬ 
creased breeding of disease vectors can cause out¬ 
breaks of vector-borne diseases such as malaria (eg, 
Haiti, 1963 30 ; Guayas River Basin, Colombia, 1982- 
1985 31 ). The contamination and breakdown of the 
potable water supply can lead to outbreaks of ty¬ 
phoid fever (Puerto Rico, 1956 32 ; Mauritius, 1980 32 ), 
balantidiasis (Truk District, Trust Territories of the 
Pacific, 1971 32 ), hepatitis (Dominican Republic, 
1979 33 ), and giardiasis (Utah; 1983 34 ; Washington 
State, 1980 35 ). Lastly, increased contact with water 
and contamination of water sources with human or 
animal waste and waterborne pathogens, such as 
leptospira and hepatitis E, often occurs following 
floods (Portugal, 1967 36 ; Brazil, 1975 32 ' 37 ; Nicaragua, 
1995 38,39 ; Vietnam, 1994 40 ; Nepal, 1995 41 ; Puerto Rico, 
1996 42 ). 

There is a higher probability of waterborne 
epidemics after floods and windstorms than other 
natural disasters because of contamination of 
surface water by run-off and contamination of 
piped water supplies by cross-connections (typhoid 
fever and diarrheal diseases early, hepatitis A and E 
later). Also, because of direct contact with accumu¬ 
lated surface water, leptospirosis and skin infections 
could represent a problem in endemic areas. The 
potential for increased vector breeding and vector 
contact because of destruction of housing in 
windstorms and floods can result in epidemics of 
dengue (within 2 to 4 weeks) and malaria (within a 


few months). There can be a higher risk for acute 
respiratory illnesses, measles, and gastrointestinal 
illnesses in shelters, tent cities, daycare centers, 
feeding centers, and refugee camps because of over¬ 
crowding, lower levels of sanitation, and possible 
importation of endemic diseases into these loca¬ 
tions. Finally, recent global climatic changes are 
beginning to exert a role in the acceleration and re¬ 
surfacing of infectious diseases following major 
natural disasters. 43 

Control 

Attempts to control communicable diseases 
should focus principally on improving personal and 
environmental hygiene and providing clean food 
and water. Other preventive measures of second¬ 
ary importance include chemoprophylaxis, vacci¬ 
nation, early treatment of infectious patients, and 
isolation of infectious patients. Massive immuniza¬ 
tion campaigns, although sometimes popular with 
political authorities and the public, are often of only 
short-term benefit and should be undertaken only 
on the basis of sound epidemiologic evidence. 33 
Examples of vaccinations that may be indicated in¬ 
clude: (a) measles vaccine in crowded camps and 
refugee populations at risk, ( b ) meningococcal men¬ 
ingitis and typhoid fever vaccines for early control 
of outbreaks in specific populations at high risk, (c) 
tetanus toxoid for minor trauma victims, and (d) 
rabies diploid cell (inactivated) vaccine for animal 
bite victims in areas with ongoing rabies transmis¬ 
sion. The use of any of the oral cholera vaccines, 
although debatable, may be considered during 
acute emergencies, such as natural disasters and 
refugee crises, or before impending cholera out¬ 
breaks in populations at risk. 44,45 Giving chemopro¬ 
phylaxis to close contacts may be advisable during 
epidemics of meningococcal meningitis, cholera, or 
shigellosis. Chemoprophylaxis may also be indi¬ 
cated for high-risk groups in areas with significant 
threats of leptospirosis (eg, during or immediately 
following floods) or malaria (eg, following an in¬ 
flux of refugees from endemic areas). The most im¬ 
portant element for the control of communicable 
diseases after natural disasters, however, is the es¬ 
tablishment of effective surveillance. 

Malnutrition 

Another major disaster-related problem, espe¬ 
cially in developing countries, is malnutrition (see 
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Chapter 47, Nutritional Assessment and Nutritional 
Needs of Refugees or Displaced Populations). Mal¬ 
nutrition affects populations in many ways, princi¬ 
pally by direct effects on the population's level of 
immunity and fertility potential. 12 It also causes 
higher rates of morbidity and mortality from dis¬ 
eases such as measles, acute respiratory infections, 
tuberculosis, and diarrheal diseases, especially in 
the very young (under 4 years old), nonimmune, 
susceptible age groups. 46 The military can play a 
major role in securing transport and availability of 
food supplies, especially to remote, rural areas, as 
was the case during Operation Restore Hope in 
Somalia (1992-1993). 3 The role of malnutrition 
is especially important when addressing refugee 
or displaced populations and superimposed disas¬ 
ters, such as acute diarrheal disease following 
Bangladesh cyclones or measles, cholera, and shi¬ 
gella following droughts in Ethiopia and Somalia. 
It is in these situations that provision of potable 
water, adequate nutritional supplementation, and 
vaccines is especially crucial. These measures are 
the most effective ones in reducing mortality among 
disaster victims, especially young children. 46,47 

Psychological Effects 

The mental health effects of disasters can be sig¬ 
nificant, especially in urban areas and during civil 
unrest or war. Psychological symptoms common 
during the immediate postdisaster period include 
intrusive thoughts, emotional numbness, difficulty 
concentrating, anxiety episodes, depression, and, in 
some cases, shock syndrome. 48 In most cases, the 
majority of people quickly adapt. Sociological stud¬ 
ies 49 in the postdisaster period document that within 
30 minutes of a major disaster, up to 75% of healthy 
survivors will be engaged in rescue activities. Af¬ 
fected populations have also proved remarkably 
effective at rapidly reestablishing the basic microen¬ 
vironment in which they can survive. For example, 
after the 1976 earthquake in Guatemala, as many 
as 50,000 families had relocated to improvised 
dwellings within the first 24 hours. 50 Delayed, long¬ 
term effects, such as posttraumatic stress disorder 
syndrome, are directly related to the intensity of the 
event (eg, loss of life, destruction of property) and 
are more common in females and in those without 
access to social support systems, such as relatives 
and close friends. 51,52 

Quick adaptive response and low-level violent 
behavior by the affected persons are the norm after 
most natural disasters. Previous "disaster experi¬ 
ence" has been shown to be of greater value than 


any other human factor in decreasing the risk of 
adverse mental events, as well as death or injury, 
during a natural disaster. 53 This is nowhere more 
evident than in the populations of the US Virgin 
Islands and Puerto Rico, who are frequently ex¬ 
posed to the threat of hurricanes. In addition, so¬ 
cial support systems have been found to be more 
important than the actual magnitude or severity of 
the event in helping the individual cope with the 
situation. 54 

The loss of life or property can cause a signifi¬ 
cant amount of stress in relief workers already over¬ 
burdened by disaster-associated job responsibilities. 
Role conflicts and acute stress reactions are more 
likely to occur in these workers. 55 Losses after the 
main disaster (eg, loss of loved ones) can precipi¬ 
tate mental crises in already stressed disaster work¬ 
ers and victims. 

Neuropsychiatric casualties will require special¬ 
ized triage and both psychological stress interven¬ 
tion and long-term support. 56 Emergency mental 
health services should be delivered and supervised 
by practitioners in the field as soon and as far for¬ 
ward as possible. This is analogous to the military's 
forward treatment and return-to-duty concept of 
combat stress management. This task is best man¬ 
aged by mental health intervention (also known as 
combat stress control or CSC) teams, a number of 
which are a part of major deployable military medi¬ 
cal units. 57 

Long-term Illnesses 

Available, but limited, data collected among di¬ 
saster-affected populations in developed countries 
seem to point to certain associations with long-term 
morbidity and mortality following major disasters. 
Significant increases in mortality from all causes 
and from malignant diseases, as well as an increase 
in reporting of surgical conditions and hospital¬ 
izations, was noted in a study of flood victims 
in Bristol, England, in 1968. 58 Similarly, Melick 59 
and Logue 60 conducted two long-term follow-up 
studies in the Wyoming Valley in Pennsylvania 
from 1975 to 1977 after the floods caused by Hurri¬ 
cane Agnes (1972) and found more health problems 
were reported among flood victims and their close 
relatives than unaffected people. Flood victims also 
experienced more stress from major life events 
after the floods. A 35% increase in rates of leuke¬ 
mia, lymphoma, and spontaneous abortion, begin¬ 
ning about 2 years after the floods, was also noted 
in the river valley areas of southern New York 
State that were affected by the flooding caused by 
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Hurricane Agnes. 61 There also is some evidence in 
the literature to support a disaster-stress associa¬ 
tion with cancer. 21 Recently, the mortality of resi¬ 
dents on Kauai, Hawaii, was examined after Hur¬ 
ricane Iniki struck in September 1992; the overall 
mortality rate during the 12-month period after 

DEATH A 

Patterns and Mechanisms 

The degree to which disasters, regardless of their 
location, cause death and injury varies within and 
between disaster types; the predominant causes of 
death and injury will also depend on the region or 
country where the disaster occurs. 63 The main dis¬ 
tinction is between earthquakes, which frequently 
cause large numbers of deaths and severe injuries, 
and other types of disasters (Table 42-3). Earth¬ 
quakes generally cause deaths through the collapse 
of dwellings and other structures, as well as by sec¬ 
ondary fires. They tend to cause more serious prob¬ 
lems when they happen at night because sleeping 


Iniki was found to be elevated, especially the rate 
of deaths related to diabetes mellitus. 62 The extent 
and types of long-term or chronic illnesses seen af¬ 
ter a natural disaster can vary, however, and accu¬ 
rate generalizations to developing countries cannot 
be made. 

) INJURY 

people become trapped inside their homes, espe¬ 
cially those people occupying upper floors of apart¬ 
ment buildings. 64,65 Injuries tend to be orthopedic 
in nature; "crush syndrome" has been reported af¬ 
ter many earthquakes. 66 Death-to-injury ratios have 
ranged from a low of 1:3 to 1:4 (Guatemala, 1976 67 ; 
Italy, 1980 68 ) to as high as 3:1 (Armenia, 1988 69 ). 

Tsunamis, floods, and landslides may cause large 
numbers of deaths, especially in urban, coastal areas 
and in areas where large segments of the population 
live around major rivers, such as the Yellow River 
in China (see Table 42-1). Usually there are deaths 
but few, if any, severe injuries after these events. 
For example, the great storm surge that struck East 


TABLE 42-3 

HEALTH AND ENVIRONMENTAL EFFECTS OF NATURAL DISASTERS 



Earthquakes 

Volcanoes 

Tsunamis 

Floods 

Hurricanes 

Tornadoes 

Deaths 

* 

Few-Many 

Few-Many 

Many 

Few 

Few-Many* 

Few 

Injuries 

Severe 

Many 

Few-Many 

Few 

Few 

Few* 

Few 

Mild 

Many 

Few 

Few 

Few 

Many 

Few-Many* 

Outbreak risk 

Minimal 

Minimal 

Minimal 

Moderate® 

Moderate® 

Minimal 

Damage 

Great 

Great 

Great 

Variable 

Great* 

Great 

Food scarcity 

Rare 

Variable 

Common 

Common 

Rare 

Rare 

Migration 

Rare 1 

Common 

Common 

Common 

Rare 

Rare 


Depending on pre-earthquake existence of a seismic building code and intensity 
^Depending on location (ie, greater in coastal urban areas) and storm intensity 
^Depending on tornado path, pre-impact warning, and type of housing 

®Risk of direct contact waterborne diseases (leptospirosis, skin infections) and diarrheal illnesses in first 2 weeks, vector-borne 
illnesses and hepatitis A and E afterwards; increased risk of person-to-person transmission in overcrowded settings 
^Significant population movements to marginal zones may occur in heavily damaged urban areas (eg, Nicaragua, 1972) 

Sources: (1) Sidel VW, Onel E, Jack Geiger H, Leaning J, Foege WH. Public health responses to natural and human-made disasters. 
In: Last JM, Wallace RB, eds. Maxcy-Rosenau-Last Public Health and Preventive Medicine. 13 lh ed. Norwalk, Conn: Appleton & Lange; 
1992:1173-1186 (2) Blake PA. Communicable disease control. In: Gregg MB, ed. The Public Health Consequences of Disasters. Atlanta: 
Centers for Disease Control; 1989: 7-12. (3) Pan American Health Organization. A Guide to Emergency Health Management after 
Natural Disaster. Washington, DC: PAHO; 1981. Emergency Preparedness and Disaster Relief Coordination Program Scientific Pub¬ 
lication No. 407 (4) Llewellyn CH. Public health and sanitation during disasters. In: Burkle FM, Sanner PH, Wolcott BW, eds. 
Disaster Medicine: Application for the Immediate Management and Triage of Civilian and Military Disaster Victims. New York: Medical 
Examination Publishing; 1984: 132-161 (5) Western K. The Epidemiology of Natural and Man-made Disasters: the Present State of the Art. 
London: London School of Hygiene and Tropical Medicine, University of London; 1972. Dissertation. 
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Pakistan (now Bangladesh) in 1970 killed an esti¬ 
mated 300,000 people, approximately 20% of the 
population in affected areas. Injuries, however, were 
largely limited to cuts and bruises. 70 An individual 
who is caught by the flooding waters drowns; one 
who is not, survives, usually uninjured. 

Windstorms cause deaths and injuries in devel¬ 
oped countries, but, unlike in developing countries, 
rarely on a large scale. The wind is not the biggest 
killer; more important is the flooding due to the 
storm surge that usually accompanies a windstorm, 
especially in coastal areas of developing countries 
where there is no adequate warning system in place. 
The East Pakistan cyclone of 1970 is an example. 71 
This phenomenon is also illustrated by Hurricanes 
Hugo (1989), Andrew (1992), Marilyn (1995), and 
Opal (1995), which affected Puerto Rico, the Baha¬ 
mas, and southeastern United States. Although only 
128 deaths were reported in those four hurricanes 
(41, 50, 10, and 27, respectively), hundreds of inju¬ 
ries, especially minor cuts and bruises during the 
relief phase, were reported. 20,72-76 Most of the deaths 
were preventable, occurred during the impact 
phase, and were mainly due to drowning, electro¬ 
cution, and asphyxiation and burns from home 
fires. In some cases, the incidence of heart attacks 
has also increased after major hurricanes and is 
mainly attributed to physical exertion of older 
people during the clean-up process. 74-76 

Like other windstorms, tornadoes cause deaths 
and injuries in modest numbers when compared 
with earthquakes. The leading causes of death dur¬ 
ing tornadoes are craniocerebral trauma and crush¬ 
ing wounds of the chest and trunk. 77,78 These are 
most often caused by high-speed, flying debris. 


Fractures are the most common type of nonfatal in¬ 
jury, involving mostly the lower extremities (35%), 
head (25%), upper extremities (16%), and thorax, 
vertebrae, and pelvis (8% each). Contusions, lacera¬ 
tions, and other soft-tissue injuries are also frequent, 
with a subsequent increased risk of secondary sep¬ 
sis complications from wound contamination. 78,79 

Human and Socioeconomic Factors 

The very young and the very old are at increased 
risk of death and injury during earthquakes and 
flash floods. 12 In East Pakistan in 1970, those 
younger than 4 years and older than 60 years who 
could not escape the flooding were at increased 
risk. 70 Likewise, during the Guatemalan earthquake 
in 1976, the death rates in the 5- to 9-year-old age 
group and the over-60 age group were found to be 
higher, suggesting that they got trapped inside col¬ 
lapsed brick and adobe homes. It appears also that 
parents took preferential care of the very young and 
more defenseless children. 80 For some disasters, 
such as tornadoes, 81 floods, and cyclones, 70 females 
have been found to be at increased risk. By com¬ 
parison, males tend to be at increased risk of minor 
injuries during the clean-up period (Figure 42-3). 

Socioeconomic level appears to be inversely related 
to risk; the poorest and least educated are the worst 
prepared for the disaster before impact and have less 
access to medical care after impact. This is especially 
true in rural areas. Other special high-risk groups 
include alcoholics, physically and mentally disabled 
persons, and older persons with chronic medical 
conditions. Studies of victim behavior during floods 
have suggested an association between alcohol con- 



Fig. 42-3. In this photograph. Marines are 
putting up tents and stringing electrical 
wire as part of the military's response to 
Hurricane Andrew in southern Florida in 
August 1992. The need of the community 
was so great that military rapid-response 
personnel worked long hours at physically 
demanding jobs. This exhausted Marine 
fell asleep on top of a tent he had just 
helped to erect and next to a high voltage 
electrical wire. Risk of injury for rescue 
personnel, especially those doing heavy 
manual labor, is serious and often dis¬ 
counted in the push to alleviate the suffer¬ 
ing of victims of a disaster. US Army pho¬ 
tograph. 
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sumption and mortality. 82 Other studies of tornado 
victims have indicated that older people are less 
likely to heed evacuation warnings. 81,83 

Physical, Environmental, and Geographic 
Factors 

Improper building techniques, the introduction 
of newer, cheaper building materials (such as con¬ 
crete), and the inappropriate use of these materials 
in construction have resulted in high mortality rates 
after earthquakes in certain areas of the world 
(eg, Mexico City, 1985; Armenia, 1988). In certain 
areas, such as Iran, eastern Turkey, and Central 
America, the practice of building unframed rock 
and earth houses and the use of insufficiently rein¬ 
forced adobe walls has resulted in high casualty 
rates. 15,49,80 By comparison, more strict seismic 
building codes in California have resulted in sig¬ 
nificantly lower mortality rates. 14 The construc¬ 
tion of elevated shelters and physical barriers in 
flood- and cyclone-prone areas has been recently 
proven to be very effective in reducing morbidity 
and mortality in areas such as Bangladesh 53 and 


Preventive medicine plays a key role in the relief 
effort, as natural disasters can disrupt the ecological 
balance and so cause outbreaks of disease. Measures 
to ensure needed sanitation and pest management 
must be planned before and implemented as soon as 
possible after the occurrence of a disaster. Organiza¬ 
tional and educational efforts and other public health 
measures to help victims avoid disease outbreaks are 
important aspects of preventive medicine support. 

Natural disasters cause considerable deterioration 
of environmental conditions. Disruption of environ¬ 
mental health services commonly occurs, particu¬ 
larly in services such as potable water and waste 
disposal systems. When waste disposal systems are 
disrupted and general sanitation levels decrease, the 
contamination of food and water supplies and the 
proliferation of insect and rodent pests increase the 
risk of disease. 

The sudden creation of areas of high population 
density, such as camps for displaced persons, causes 
additional public health concerns. The lack of 
proper shelter, water, soap, detergent, and basic 
cleaning and washing facilities makes it difficult to 
maintain usual standards of personal hygiene and 
often results in outbreaks of diarrheal disease and 
vector-borne diseases in areas where they were 
prevalent before the disaster. 17,30-32,34,35 


Japan. 9 

Perhaps the best example of government involve¬ 
ment in the prevention of disaster casualties can be 
found in Japan and its implementation of disaster- 
mitigation measures for typhoons, tsunamis, floods, 
and landslides in 1958. There was a consequent 
marked reduction in mortality and property dam¬ 
age (pre-1958 vs. post-1958). 9 Another example of 
the positive effect of disaster-mitigation measures, 
such as improved building codes, can be seen in 
southern Florida. Although Hurricane Andrew was 
one of the strongest recorded hurricanes to make 
landfall in the United States, only 50 deaths were 
attributed to that storm. 14 

There is an increased risk of serious or fatal inju¬ 
ries for people inside vehicles during flash floods 
and tornadoes. 81,84 Conversely, there is a docu¬ 
mented decreased risk of injury during tornadoes 
for people inside buildings, especially in base¬ 
ments. 81,83 The intensity and duration of the disas¬ 
ter is directly related to the amount of damage; lo¬ 
cation of the disaster is also important as higher 
damage is sustained in populated, urban, and 
coastal areas. 

rAL HEALTH 

Initial Environmental Health Assessment 

During the immediate impact phase, there are 
five major environmental health issues that need 
to be addressed promptly: safe drinking water, 
shelter, human waste disposal, personal hygiene, 
and vector-borne disease avoidance. 17,85 The specific 
objective of emergency measures is to restore 
environmental health conditions and services to 
whatever levels existed before the disaster occurred, 
regardless of judgments about predisaster quality. 17 
It is counterproductive to solve chronic problems 
by giving sophisticated aid that the local govern¬ 
ment cannot sustain. If the local professionals and 
facilities are unable to continue a procedure after 
relief organizations withdraw, that procedure 
should probably not be started. 

To assist in solving these problems, a PVNTMED 
team should be deployed to the disaster area as soon 
as possible after military assistance has been re¬ 
quested. Areas of expertise on this team should in¬ 
clude epidemiology and public health, entomology, 
environmental health, sanitary engineering, veteri¬ 
nary medicine, civil affairs, and occupational health 
and toxicology. 

The US Army, Navy, and Air Force all deploy 
specialized units or teams to provide preventive 
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medicine support to contingency operations. 
Army PVNTMED detachments provide preven¬ 
tive medicine support and consultation in the 
areas of entomology, field sanitation, sanitary 
engineering, and epidemiology. 18 The Navy 
forms contingency preventive medicine or vec¬ 
tor control teams from supporting Navy Disease 
Vector Ecology and Control Centers and Navy 
Environmental and Preventive Medicine Units. 
These teams become part of the Mobile Medical 
Augmentation Readiness Team and are tailored 
to the needs of each contingency operation. The 
mission and capabilities of these teams are simi¬ 
lar to those of the Army units described above. 
The US Air Force support for contingency opera¬ 
tions may be provided by Prime BEEF (Base Engi¬ 
neer Emergency Force). Capabilities of this team 
include field sanitation and hygiene, general pest 
management, and specialized aerial pesticide 
spraying. 

Water 

Sources and Storage 

The first priority in a disaster-stricken area is to 
ensure an adequate supply of drinking water, fol¬ 
lowed by water for personal hygiene. During the 
initial on-site assessment, all potential local sources 
of potable water need to be investigated. The assis¬ 
tance of local authorities in this assessment is very 
important, as is the advice of a sanitary engineer or 
water system specialist familiar with the host coun¬ 
try conditions. Daily water supply requirements for 
relief operations (eg, temporary shelters and 
camps), is 15 to 20 L per person for eating and drink¬ 
ing purposes. 17,19,86 Greater amounts are required in 
field hospitals and mass feeding centers. 

Drinking water should be obtained from opera¬ 
tional water distribution systems, if possible, and 
from undamaged private sources (eg, breweries, 
dairies, wells). 17 These same private sources can also 
be contacted for the use of their trucks to transport 
bulk volumes to refugee camps or centers. Tanks 
used for storing and transporting drinking water 
must be free of and protected against contamina¬ 
tion. Gasoline, chemical, or sewage trucks or con¬ 
tainers should not be adapted to hold drinking 
water. All water sources and water produced from 
existing facilities should be tested by PVNTMED 
personnel before use. Bulk water treatment and 
distribution is a quartermaster responsibility. 
PVNTMED personnel should assist in selecting 
sources of water and establishing water points. 


They should also advise both the quartermaster and 
the engineer groups and perform water quality as¬ 
sessment functions. 

Multi-liter containers should be provided to store 
and distribute water. These containers should be 
easily transportable and have a means to prevent 
recontamination during storage. A study in Bolivia, 
for example, demonstrated that 20-L plastic contain¬ 
ers with screw-top lids and a spigot were ideal for 
preventing recontamination of treated water. 87 Simi¬ 
lar containers were also used successfully during 
Operation Uphold Democracy (1994-1995) relief 
efforts in Haiti. 

Disinfection 

Residual concentration of chlorine in the water 
distribution system should be increased after a 
disaster. For drinking water under normal field 
conditions, the US military requires a chlorine re¬ 
sidual of 5 ppm (5 mg/L) after a 30-minute contact 
time. 88 Under emergency conditions, the JTF Sur¬ 
geon or senior medical authority may authorize 
reduced chlorine residuals and decide which wa¬ 
ter quality standards apply: the Department of 
Defense's, the World Health Organization's, or 
some other agency's. In a disaster situation, a large 
quantity of reasonably safe water may be prefer¬ 
able to a smaller amount of very pure water. Water 
quality standards vary; the Pan American Health 
Organization recommends at least a 1 ppm re¬ 
sidual after 30 minutes. 17 The United Nations 
High Commissioner for Refugees recommends a 
minimum of 0.2 ppm residual. 89 The rationale is 
that if the chlorine content of water is much 
above 0.5 ppm, people may prefer drinking un¬ 
treated water. One way to avoid over-chlorinating 
drinking water is to check that the water is free 
of a chlorine residual before starting chlorination 
efforts. PVNTMED personnel should check pub¬ 
lic water supplies daily to ensure an adequate 
chlorine residual is maintained. 

If water supplies in the disaster area are not be¬ 
ing chlorinated because chlorination systems within 
the distribution networks are not functioning, wa¬ 
ter must be disinfected in small quantities. This can 
be accomplished by boiling the water or by adding 
agents in the form of pills, powder, or solution 
(Table 42-4). For boiling water, the US military rec¬ 
ommends keeping the water at a rolling boil for 5 
to 10 minutes. The United Nations High Commis¬ 
sioner for Refugees recommends boiling water for 
1 minute for every 1,000 m of altitude above sea 
level. 89 In general, boiling water for 1 minute will 


1303 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


TABLE 42-4 

EMERGENCY DISINFECTION OF SMALL VOLUMES OF WATER 


Disinfectant 

Techniques 

Contact 

Time 

Calcium Hypochlorite 
70% CaOCL 2 (powder) 

Add 1 heaping tsp (7 g) to 8 L water for stock solution of 500 ppm (500 mg/L). 
Add stock to water in proportion of 1 part to 100 parts water for a 5 ppm 
(5 mg/L) concentration. 

30 min 

Sodium Hypochlorite 

5% NaOCL (liquid) 

Household bleach usually contains 5% chlorine. Add 2 drops bleach per liter 
water (double the dose if water is very cold or cloudy). 

30 min 

Halazone tablets 
(4 mg or 160 mg) 

Chlorine tablets. Add one 4 mg tablet per L water. One 160 mg tablet is added 
to 40 L water (double the dose if water is very cold or cloudy). 

30 min 

Iodine Tablets 

Add one to 1 L water (double the dose if water is very cold or cloudy). 

30 min 

Tincture of Iodine 
(2% solution) 

Common household tincture of iodine. Add 5 drops of tincture of iodine to 

1 L clear water (double the dose if water is very cold or cloudy). 

30 min 

Potassium 

permanganate 

KMn0 4 (powder) 

Dissolve 40 mg KMn0 4 in 1 L warm water for stock solution. This solution 
will disinfect approximately 1 m 3 (250 gal) of water. This method is seldom 
used because of the long contact time required. 

24 hr 

Heat 

Boil water for 5 to 10 min. This requires extra effort to protect water, as boiling 
provides no residual protection from recontamination. 

N/A 


ppm: parts per million 

Sources: (1) Pan American Health Organization. A Guide to Emergency Health Management after Natural Disaster. Washington, DC: 
PAHO; 1981. Emergency Preparedness and Disaster Relief Coordination Program Scientific Publication No. 407 (2) US Dept of the 
Army. Occupational and Environmental Health: Sanitary Control and Surveillance of Field Water Supplies. Washington, DC: DA, 1986. 
Technical Bulletin MED 577. 


kill most disease-causing bacteria and viruses. In 
areas where protozoal and helminthic diseases are 
endemic, longer boiling times are necessary. 90 The 
availability of adequate fuel and containers for boil¬ 
ing needs to be kept in mind. 

Individual water purification methods should 
only be considered during an emergency for 
disinfecting small quantities of drinking water in 
limited and controlled populations, on an indi¬ 
vidual basis, and for only 1 to 2 weeks. 17 PVNTMED 
personnel should determine the chlorine residual 
before any form of disinfectant is distributed to in¬ 
dividual users. Providing tablet, powder, or liquid 
disinfectants to individual users should be consid¬ 
ered only when distribution can be coupled with a 
strong health education campaign teaching people 
how to use the disinfectants properly. Additionally, 
PVNTMED personnel will need to provide follow¬ 
up instruction and supervision to ensure proper and 
continued use of the disinfectants. There is poten¬ 
tial for misuse of these disinfectants, especially with 
children. 


Human Waste 

An acceptable and practical system for the disposal 
of human waste should be a primary consideration. 
Improper disposal not only leads to the contamina¬ 
tion of food and water supplies, it also attracts flies 
and other disease-carrying pests. The waste disposal 
system must be developed in cooperation with the 
refugees or local population and be culturally appro¬ 
priate. Expert advice should also be sought from a 
sanitary engineer who is familiar with the habits of 
the refugees or inhabitants of the disaster area. 17 

Two main factors will affect the choice of a toilet 
system: the traditional sanitation practices of the 
users and the physical characteristics of the area, 
including the geology, rainfall, and drainage. 89 Once 
these considerations have been taken into account, 
the cleanliness of the latrines and their accessibil¬ 
ity will determine whether they are used. Users 
must be trained in latrine upkeep. Frequent on-site 
visits by PVNTMED personnel will help ensure la¬ 
trines are maintained properly. 
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Latrines should be placed where needed in relo¬ 
cation camps, relief worker settlements, and areas 
of dense population where facilities have been de¬ 
stroyed. There are many simple options that, if 
properly constructed and maintained, will meet all 
public health requirements. Examples of different 
types of field latrines suitable for disaster relief 
operations are shown in Table 42-5. The ideal la¬ 
trine confines excreta; excludes insects, rodents, and 
animals; prevents contamination of the water sup¬ 
ply; provides convenience and privacy; and remains 
clean and odor-free. 90 

Waste Water 

Waste water is created by personal hygiene and 
food preparation activities. Sources of waste water 
should be localized as much as possible, and drain¬ 
age should be provided. Water allowed to stand will 
soon become malodorous, provide breeding sites 
for insect pests (especially mosquitoes and filth 
flies), and become an additional source of contami¬ 
nation of the environment. Soakage pits or trenches 
can be used for the collection of bath and wash 


water. This same system equipped with a grease 
trap can also be used for the collection of liquid 
kitchen waste. 

Solid Waste and Dust 

Uncontrolled accumulation of solid waste (gar¬ 
bage) and improper disposal increases the risk of 
diseases spread by insects and rodents. An effective 
garbage disposal system using burial or incinera¬ 
tion must be provided. 88 Garbage burial sites should 
be located at least 30 m from any potable water 
source and at least 50 m downwind from camps. 
Open burning of garbage on-site should be avoided; 
incinerators should be used to burn garbage. 

Solid waste disposal containers in tent camps 
should be waterproof, insect-proof, and rodent-proof. 
The waste should be covered tightly with a plastic 
or metal lid. A 50-L waste receptacle should be pro¬ 
vided for every 10 families (25 to 50 persons). The 
containers should be placed throughout the site 
such that no dwelling is more than about 15 m away 
from one. The weight and shape of containers must 
also be kept within the limits that can be conveniently 


TABLE 42-5 

TYPES AND CHARACTERISTICS OF LATRINES SUITABLE FOR DISASTER RELIEF OPERATIONS 


Type 

Characteristics 

Shallow trench latrine 

A quick-action solution; cheap and easy to construct. Should only be used a few days. 
Approximately 30 cm wide, 1 m deep. Excreta covered with soil after each use. 

Deep trench latrine 

Easy to construct. Can be used for a few months. Appropriate for tent camps. Approxi¬ 
mately 2 m deep, 80 cm wide. Recommended length for 100 persons is 3.5 m. Requires a 
structure providing a seat or squatting hole with lid. Trench should be fly-proofed. 

Pit latrine 

Most common worldwide. Appropriate for tent camps. Consists of a superstructure for 
privacy and a squatting hole or seat above a hole in the ground. Can be used by 
individual families or in clusters as communal facilities. Pit should be about 1 m across, 
and more than 2 m deep. 

Chemical latrine 

Self-contained, expensive to maintain. Includes a holding tank with chemical additives. 
Contents must be pumped out daily for disposal in a conventional sanitary waste water 
system. 

Burn-out latrine 

Used when soil is hard, rocky, or frozen and when sufficient fuel is available for burning 
(a mixture of 1 part gasoline with 4 parts diesel oil is effective). Also suitable in areas 
with high water tables. Oil drums, cut in half, can be used to collect the waste. A 
structure that has a seat with a fly-proof, self-closing lid is required. 


Sources: Pan American Health Organization. A Guide to Emergency Health Management after Natural Disaster. Washington, DC: PAHO; 
1981. Emergency Preparedness and Disaster Relief Coordination Program Scientific Publication No. 407. United Nations High 
Commissioner for Refugees. Handbook for Emergencies. Geneva: UNHCR; 1982. 
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handled by the collection crew. The collection of 
garbage from the containers should take place regu¬ 
larly, daily if possible. 

Large amounts of dust carried in the air can be 
harmful to human health by irritating eyes, respi¬ 
ratory systems, and skin and by contaminating food 
and water. 89 The best preventive measure is to stop 
the destruction of vegetation around the site. Dust 
control can be achieved by spraying roads with 
water (especially helpful around health facilities 
and feeding centers), limiting traffic, and banning 
traffic from certain areas, if necessary. 

Hazardous Substances and Medical Waste 

Hazardous wastes include chemical, biological, 
flammable, explosive, and radioactive substances, 
which may be solid, liquid, or gaseous. 90 Handling 
of hazardous substances may be a significant 
public health problem during and after certain 
disasters. The advice of an industrial hygienist 
may be necessary to handle such waste safely. 
The treatment and disposal of medical waste 
requires special attention. Needles, scalpels, and 
materials contaminated with infectious waste are 
especially dangerous. Medical waste should be 
treated separately; as much of it as possible should 
be burned without delay. The designated burning 
area should be fenced to prevent unauthorized 
access. 

Management of the Dead 

Suitable arrangements for the management of 
the dead are required from the start of any natural 
disaster that causes a refugee emergency. 89 The mor¬ 
tality rate after a refugee influx will probably be 
higher than under normal conditions. The health haz¬ 
ards associated with unburied bodies are minimal, 
especially if death resulted from trauma. However, 
bodies must be protected from rodents, animals, 
and birds. Additionally, bodies decomposing in 
wells and streams can cause gastroenteritis in those 
that drink the water. 

Dead bodies have the potential to create social 
problems, which must be delicately addressed by 
public health authorities. Every effort should be 
made to treat bodies with respect. Whenever pos¬ 
sible, the customary method of disposal should be 
used, and the traditional practices and rituals 
should be allowed. Burial is the simplest and best 
method of disposal if it is acceptable to the com¬ 
munity and physically possible. The necessary 


space for burial will need to be taken into account 
when planning the site, particularly in crowded 
conditions. Cremation may be used, but it can re¬ 
quire large amounts of fuel and is not required as a 
public health measure. Before burial or cremation, 
bodies must be identified and the identification and 
cause of death recorded, if possible. This is impor¬ 
tant for disease control, registration, and tracing. 
Procedures must be in place to assure the care of 
orphaned minors who are left without appropriate 
care. 89 

Shelter 

Natural disasters can result in the sudden cre¬ 
ation of areas of high population density, such as 
camps for displaced persons. These persons need 
temporary public shelter that will not lead to fur¬ 
ther deterioration of public health or the environ¬ 
ment. The site selection, planning, and provision 
of shelter require expertise and must be closely in¬ 
tegrated with the planning of other services, espe¬ 
cially water and sanitation. 89 It is important that 
PVNTMED specialists work closely with engineers, 
experts from the Pan American Health Organiza¬ 
tion and the World Health Organization, and local 
authorities early in the process to select refugee 
camp locations. 

Existing public buildings, such as schools, 
churches, and hotels, are good choices as tempo¬ 
rary shelters because they will likely have their own 
washing and toilet facilities that are usually suffi¬ 
cient for emergency purposes. If existing buildings 
are used as shelters, the recommended floor space 
is 3.5 m 2 per person. 17 Overcrowding can have seri¬ 
ous health implications. 

If tent cities or camps are necessary to accom¬ 
modate the evacuees, the requirements are more 
complex. Sites should be chosen that have adequate 
drainage and are away from mosquito breeding ar¬ 
eas, refuse dumps, and commercial and industrial 
zones. The layout of the site should meet the fol¬ 
lowing specifications: 17 ' 19,86 

• 3 m 2 of floor space per person, 

• 10-m-wide roads between tents, minimum 
distance of tents to road of 2 m, 

• Minimum distance between tents of 8 m, 
and 

• 4 hectares (10 acres) of land per 1,000 persons. 

Tent camps should be subdivided into a com¬ 
munity service area and a residential area. The 
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residential area should be further subdivided into 
clusters around personal service areas, which con¬ 
tain cooking and washing facilities and latrines. 
This subdivision is important because personal ser¬ 
vice areas used by relatively few persons are more 
likely to be self-maintained. 

Safe water, food, and basic sanitation facilities 
must be available in all camps for displaced per¬ 
sons. Sanitation teams that provide such services 
and educate camp dwellers should be designated 
for each campsite. 17 Teams can be composed of vol¬ 
unteers, but they must be supervised by an envi¬ 
ronmental health technician. Teams should develop 
sanitation regulations for the sites and educate the 
residents about basic sanitation measures. 

Water distribution points should be located in the 
camp so that families are not required to carry water 
for more than 100 m. These points should be located 
in the community service center and in the center 
of each residential area. Multi-liter containers for 
carrying water should be made available to camp 
residents. 

Characteristics of tent camps, such as a high den¬ 
sity of people, combustible shelter materials, and 
individual cooking fires, make them vulnerable to 
major fires. 89 The most effective preventive measure 
is the proper spacing and arrangement of tents to 
provide fire breaks. Other measures include allow¬ 
ing individual fires only in specific areas and hav¬ 
ing an alarm system, fire-fighting teams, and plans 
prepared. Residents must also take proper precau¬ 
tions in storing and using fuels and other highly 
flammable materials. 

Food Sanitation 

The availability and distribution of food may be 
disrupted after a natural disaster. Food can become 
contaminated, especially in mass feeding centers, 
by flood waters, insects, rodents, and unsanitary 
handling. Degradation of food products results 
from power outages that disrupt refrigeration; con¬ 
tact with water; and purposeful adulteration. The 
use of outdated stocks can also be a problem. 

Bulk distribution of food is not always necessary 
in a disaster area. Food becomes a problem only if 
local stocks are destroyed or if the road system is 
so disrupted that normal distribution patterns break 
down. Available food supplies should be located 
and inspected by a qualified health specialist. It is 
important to try to provide familiar foodstuffs to 
refugees and displaced persons. Priority should be 
given to the consumption of uncontaminated per¬ 


ishable food, particularly if the food supply origi¬ 
nates in areas where there have been power out¬ 
ages. The health specialist should also inspect all 
damaged places of food production and distribu¬ 
tion before food is prepared and distributed. Food 
storage and preparation at mass feeding facilities 
should also be closely supervised. 

To avoid health problems related to contaminated 
food, the public should be informed about proper 
food preparation and handling measures and which 
foods are the most likely to be safe. Local public 
health personnel should be used to the fullest extent 
possible to educate those affected, particularly refu¬ 
gees. Military food supplies may not be suitable for 
refugees, and their use may unintendedly cause 
detrimental results. 3 During disaster relief opera¬ 
tions, US military forces will initially rely on the 
field ration Meal, Ready-to-Eat (MRE). These high- 
calorie, highly salted rations may be potentially 
dangerous to malnourished persons, especially chil¬ 
dren. 3 Recently, the Department of Defense has been 
involved in developing an MRE designed for hu¬ 
manitarian relief purposes. Its use in this scenario 
remains to be defined, however. 

Personal Hygiene 

Personal hygiene is obviously more difficult dur¬ 
ing emergencies, especially in densely populated 
areas such as refugee camps. As such, the potential 
for diseases associated with poor personal hygiene 
rises. Diarrheal diseases are very common in de¬ 
veloping countries, and the added stress and rela¬ 
tively poor environmental services in refugee camps 
accentuate the problem. Public health workers 
should inform disaster-stricken populations about 
personal hygiene practices that will lessen the po¬ 
tential for disease. Trained and respected individu¬ 
als from the refugee community should be more 
effective than outsiders in communicating health- 
related issues to their own people. 89 

Adequate cleaning and bathing facilities are criti¬ 
cal for displaced persons to practice good hygiene, 
and local customs will dictate specific policies. Gen¬ 
erally, however, there should be separate washing 
blocks for men and women. 17 One wash basin 
should be provided for each 10 people or a 3-m, 
double-edged wash bench for every 50 persons. 
Approximately 70 cm of wash bench should be fab¬ 
ricated for each wash basin. One shower head 
should be available for every 30 to 50 persons. For 
washing clothes, washtubs and clotheslines are nec¬ 
essary and scheduling of some sort will be required. 
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Insect and Rodent Control 

By altering the environment, disasters may in¬ 
crease the transmission of diseases that already 
exist in a region. This may be due to the movement 
of large numbers of people, resulting in over¬ 
crowding in some areas and poor sanitation; the 
disruption of routine vector control programs; or the 
alteration of the distribution of vector species . 85,91 
The increased risk of transmission of vector-borne 
diseases must be seriously considered after all natu¬ 
ral disasters. 

Pest control in a disaster situation is difficult, and 
physical barriers, such as screens, may be the best 
immediate measure . 89 The most effective method of 
controlling pests over the long term is to practice 
preventive measures, such as proper sanitation, 
garbage disposal, and food storage. Pest problems 
need to be explained to the affected populace, who 
need to be educated on the significance of pest con¬ 
trol efforts, especially those with which they may 
not be familiar. 

All pest or vector control activities should be 
supervised by an entomologist, preferably one with 
disaster experience and familiarity with local con¬ 
ditions before the disaster. Specialist advice about 
and supervision of all chemical pest control mea¬ 
sures are essential. Detailed recommendations 
for the selection, application, and use of pesticides 
in field situations worldwide can be found in the 
US Department of Defense Contingency Pest Man¬ 


The role of the US military in providing assis¬ 
tance following major natural disasters is a role for 
which PVNTMED personnel need to be trained . 18 
Familiarity with the procedures to follow in such 
support operations is critical to the successful ac¬ 
complishment of the mission. The primary mission 
of PVNTMED personnel or units will continue to be 
to support US, allied, and coalition forces. However, 
involvement in a wide range of activities in support 
of the local or host-nation populace will also be re¬ 
quired. Definition (a priori) of the military's roles and 


agement Pocket Guide . 92 This guide is a concise refer¬ 
ence to pesticides available through military 
supply channels (National Stock Numbers are 
listed) and designated for contingency use by one 
or more of the armed services. It contains informa¬ 
tion on pesticide uses, dosages, application meth¬ 
ods, dilution formulas, and dispersal equipment; 
surveillance, trapping, and safety equipment; 
personal protective equipment against disease vec¬ 
tors; air transport of pesticides that do not meet 
transport requirements; and US military points of 
contact overseas who can provide information on 
vector-borne disease control in their areas of the 
world. 

An additional source of information on vector 
control is the Pan American Health Organization 
publication. Emergency Vector Control After Natural 
Disasters . 91 This guide provides technical informa¬ 
tion necessary for evaluating the need for disease 
vector and rodent control following natural disas¬ 
ters, information for initiating immediate and 
postdisaster control measures, and guidelines for 
planning and carrying out surveillance and control 
programs against specific vectors under austere 
conditions. 

An increased incidence of animal bites, especially 
dog bites, may occur as neglected strays come into 
close contact with persons living in temporary shel¬ 
ters. A program for the elimination of stray dogs 
should be considered, especially in areas where ra¬ 
bies is endemic. 


responsibilities and delineation of unit preparedness 
plans are necessary to respond to such contingen¬ 
cies in a timely and efficient manner. PVNTMED 
personnel serving in both operational and garrison 
units may also be called on to assist units in the 
preparation of disaster preparedness plans or to 
provide direct support during these types of mis¬ 
sions. It is with this in mind that we have written 
this chapter. The Recommended Readings, which 
follow the references, may be helpful to PVNTMED 
personnel during disaster assistance deployments. 
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INTRODUCTION 


In the post-Cold War era, much of the world's 
population is deeply affected by armed conflicts and 
their closely related complex humanitarian emer¬ 
gencies (see Chapter 41, The Challenge of Humani¬ 
tarian Assistance in the Aftermath of Disasters). 
Through the first half of the 1990s, over 30 armed 
conflicts raged. 1,2 Primarily as a result of this armed 
violence and its consequences—famine, destruction, 
population displacement, epidemic diseases—com¬ 
plex humanitarian emergencies occurred in 23 coun¬ 
tries, including Somalia, Rwanda, Bosnia and 
Herzogovina, Liberia, Sudan, Mozambique, and 
Afghanistan. 3 Because of these situations, almost 1% 
of the world's population, approximately 41.5 mil¬ 
lion people, were either refugees or displaced from 
their homes (Figure 43-1). Many millions more had 
not fled their homes but were also profoundly af¬ 
fected by these crises. 4 

Each complex emergency is unique, with its own 
causes and dynamics; however, many of these situ¬ 
ations follow a somewhat predictable sequence of 
events. 5 A brief review of the evolution of a com¬ 
plex emergency will give a sense of many of these 
disasters. The place is usually a developing nation 
with many fundamental problems, including wide¬ 
spread poverty and a politically repressive, corrupt, 
and tenuous government. Political instability, the 
persecution of certain minorities, and human rights 
abuses lead to unrest and violent insurrection 
against the government. Further repression in turn 


breeds more violence and the development of a 
well-armed anti-government faction, often more 
than one. Escalating armed confrontation leads to 
extensive damage to social infrastructure, economic 
collapse, and deterioration of medical services. This 
is followed by population displacement as people 
seek safety and food. The medical treatment facili¬ 
ties that survive are typically understaffed and 
undersupplied and are overwhelmed by trauma 
victims. Preventive programs and routine medical 
care may cease to exist, which leads to extensive 
communicable disease outbreaks. In extreme cases, 
such as in Somalia and Liberia, that part of the 
economy involved in producing, transporting, and 
marketing food is totally destroyed, which causes 
severe food shortages and their devastating conse¬ 
quences. Widespread human rights abuses and 
callous manipulation of international relief efforts 
occur, which exacerbates the conflict. Schools, police, 
courts, and other basic institutions of society may 
cease to function altogether. Violence and a vicious 
anarchy reign. The international community often 
recognizes these situations and attempts to intervene 
only once they have reached an advanced stage. 

Between 1990 and 1997, the US military was in¬ 
volved in complex emergencies in northern Iraq, So¬ 
malia, Rwanda, Haiti, and Bosnia and Herzegovina. 
The military in the post-Cold War world is likely 
to continue to become engaged in places where con¬ 
flicts and complex emergencies occur—this will 


Fig. 43-1. Complex Emergencies, Refu¬ 
gees and Internally Displaced Persons, 

1983-1995. There have always been com¬ 
plex humanitarian emergencies but in 
the late 1980s and early 1990s, the num¬ 
ber of these emergencies increased mark¬ 
edly worldwide. Concomitantly, there 
was a rapid rise in the number of refu¬ 
gees and internally displaced persons, 
almost all of whom were victims of com¬ 
plex humanitarian emergencies. Inter¬ 
vening in post-Cold War emergencies of 
this type has been extremely difficult 
because of the almost intractable politi¬ 
cal, economic, social, legal, logistical, 
and security issues involved and because 
the large numbers of refugees and inter¬ 
nally displaced persons have severely 

strained limited humanitarian relief resources. Data sources: (1) Office of Foreign Disaster Assistance. Annual Report 
FY 1995. Washington, DC: US Agency for International Development, 1996: 10 and (2) the United States Mission to 
the United Nations. Global Humanitarian Emergencies, 1996. New York: United States Mission to the United Nations, 
1996: 5. 
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probably be unavoidable. 6,7 The specific roles the 
military will play in these missions and to what 
extent the military will engage in humanitarian as¬ 
sistance missions in the post-Cold War era are not 
clear (see also Chapter 45, The International Hu¬ 
manitarian Response System and the US Military). 8-11 
The diversity of missions in the 1990s shows that 
those missions can assume many different forms, 
from providing security to providing emergency 
medical care. 

Preventive medicine personnel who become in¬ 
volved in complex emergencies are entering dan¬ 
gerous and confusing territory. It is a formidable 
challenge to understand what the mission is, who is 
in charge, what plans have been made, what resources 
are available, what the scope of responsibilities is, 
and who are the many other organizations involved. 
When military medicine has been called on to pro¬ 
vide health services directly to civilian populations 
in complex emergencies, preventive medicine has 
usually played a pivotal role because so much of 
the relief revolves around public health concerns. 
Even in operations in which military forces do not 
provide direct medical services, preventive medi¬ 
cine has been relevant because whatever the mili¬ 
tary does is likely to have significant repercussions 
on the overall relief effort and public health. If, for 
example, the military is tasked to provide only lo¬ 
gistical support to international relief agencies, 
military commanders still need advice on the scope 
of the disaster, public health consequences, relief 
priorities, relief procedures, and other public 
health-related matters to make sound decisions. 

CRITICAL HEALTH INFORMAT 

One of the most important roles for military 
preventive medicine in complex emergencies is to 
interpret the essential public health data that char¬ 
acterize the crisis and to use that information to help 
establish and guide the most appropriate relief mea¬ 
sures. Conducting effective relief operations with¬ 
out timely, reliable, accurate, and integrated health 
information is extremely difficult, if not impossible. 
The history of disaster medicine has innumerable 
examples of well-intentioned but inefficient, inap¬ 
propriate, and counterproductive relief efforts un¬ 
dertaken in the absence of good information. 27,28 

Gathering and using information in the setting of 
a complex emergency is a formidable task. Complex 
emergencies are dangerous, confused, and chaotic; 
good data are rarely readily accessible. Collecting 
sound epidemiologic data presents many method¬ 
ological and logistical challenges. 29-31 Collecting 
information requires dedicated resources, but com- 


This chapter provides a three-part framework for 
understanding and coping with the public health 
aspects of complex emergencies. The first section 
describes the critical information needed to make 
effective health interventions and how this infor¬ 
mation can be obtained. The second describes the 
principal causes of morbidity and mortality in com¬ 
plex emergencies. The third lists the ten most im¬ 
portant basic relief priorities. 

This chapter provides only a basic framework 
because responding to complex emergencies can 
seem as complex as the emergency itself. The de¬ 
tails of program implementation and the specifics 
of clinical management of common disease prob¬ 
lems, such as malnutrition, malaria, and diarrheal 
diseases, are beyond the scope of this chapter. Many 
other important dimensions of complex emergen¬ 
cies—political, social, cultural, and economic—are 
also beyond this chapter's purview. Other chapters 
in this book and other published resources discuss 
these topics in detail. 12-21 Excellent practical guides 
on public health needs in complex emergencies have 
been published by the Centers for Disease Control 
and Prevention (CDC), the International Commit¬ 
tee of the Red Cross (ICRC), and Medicins sans 
Frontieres. 5,13-15 Also of note, military publications 
address doctrine and operational aspects of hu¬ 
manitarian assistance operations. 22-24 Institutions 
such as the Centers for Naval Analysis in Alexan¬ 
dria, Va, and the US Army Peace Institute in Carlisle 
Barracks, Penn, also have published a number of rel¬ 
evant reports on humanitarian assistance and, spe¬ 
cifically, the role of the military in it. 25,26 

N IN COMPLEX EMERGENCIES 

manders and key decision makers may view data 
collection as an unnecessary luxury and a waste of 
limited assets. Once data are obtained, they must 
be analyzed, sometimes in austere field conditions. 
Then, and this is very important, timely informa¬ 
tion and recommendations must be disseminated 
to decision makers in a format that they can under¬ 
stand and use. 32 

Principal Tools 

The principal methods of gathering data in 
complex emergencies are obtaining available 
background health data and then conducting rapid 
assessments, targeted surveys, standardized sur¬ 
veillance, and special investigations. While the ba¬ 
sic underlying principles of collecting and using 
data are well described in many articles and text¬ 
books, unique techniques and procedures have been 
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developed for disasters and complex emergencies. 28 

Background data on a population in crisis, and 
on the areas to which it has migrated, are useful to 
interpret the current health situation and to plan 
appropriate relief interventions. For example, a 
population that has had prolonged food scarcity 
before a crisis may have little capacity to cope with 
sudden food deprivation. Or a population from a 
nonmalarious area moving into an endemic area, as 
has occurred in refugee crises in southeast Asia, will 
probably have many cases of malaria. Knowing this 
background should focus relief planning accordingly. 


Background data are available from many 
sources (Table 43-1). The CDC, the World Health 
Organization (WHO), the United Nations (UN) 
Children's Fund, and the World Bank are examples 
of governmental organizations with information 
describing immunization status, nutrition status, 
endemic diseases, and other basic health parameters 
of affected populations. Various US Government 
agencies, such as the Central Intelligence Agency 
and the State Department, also have materials on 
other countries that are relevant to health. 33 Local 
governments, refugee leaders, and local health care 


TABLE 43-1 

VARIOUS SOURCES OF BACKGROUND DATA AND INFORMATION ON DISASTERS, CON¬ 
FLICT, AND COMPLEX EMERGENCIES* * 


Agency 


Telephone Number and Internet Address 


US Agency for International Development. 

Bureau for Humanitarian Response and the Office 
for Foreign Disaster Assistance. 

OFDA Field Operations Guide for Disaster 
Assessment and Response. 

Centers for Disease Control and Prevention. 

CDC International Emergency and Refugee 
Health Unit. 

Federal Emergency Management Agency. 

US Committee for Refugees. 

Interaction. 

Armed Forces Medical Intelligence Center 
Bulletin Board. 

United Nations. 

UN Children's Fund. 

UN Development Program. 

UN High Commissioner for Refugees. 

UN Office for the Coordination of Humanitarian 
Affairs (ReliefWeb). 

World Health Organization. 

International Committee of the Red Cross. 

CIA Publications and Handbooks. 

The Carter Center . 

Project Ploughshares. 

Center for Excellence in Disaster Management and 
Humanitarian Assistance + . 


(202) 647-4000; http:/ /www.info.usaid.gov 

(202) 647-8924; http://www.info.usaid.gov/hum_response/ 

http: / / www.info.usaid.gov/hum_response/ofda/ fog/ foghme.htm 
(404) 639-3311; http: / / www.cdc.gov 

(770)488-1033 

(202) 647-8924; http://www.fema.gov/ 

(202) 347-3507; http:/ /www.refugees.org 
(202) 667-8227; http:/ /www.interaction.org/ia/ 

(301) 619-7574; (800) 325-0195 (sysop 3883) 

(212) 963-1234; http: / / www.un.org 
(212) 326-7000; http:/ /www.unicef.org 
(212) 963-1234; http:/ /www.undp.org 
(212) 963-6200; http:/ /www.unhcr.ch 

(212) 963-6821; http: / / www.reliefweb.int/ 

41-22-791-2111; http:/ /www.who.ch 

(212) 599-6021; http:/ /www.icrc.org 

http:/ /www.odci.gov/cia/publications/pubs.html 

(404) 331-3900; http:/ /www.emory.edu/CARTER_CENTER 

(519) 888-6541; http:/ /watservl.uwaterloo.ca/-plough/ 

(808) 433-7035; http://coe.tame.amedd.army.mil/ 


This is not a comprehensive list but has most major resources. Other resources can be found through links on the Internet. The 
ReliefWeb in the UN Department of Humanitarian Affairs allows access to much useful data, such as the World Factbook, country- 
specific immunization coverage, and other health statistics. 

* This sight has an excellent source:"Disaster-related Web pages." 
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providers can sometimes provide much valuable 
information. Many nongovernmental organiza¬ 
tions, particularly those that specialize in long-term 
infrastructure building, also have data on countries 
where they work. Often data can be found in pub¬ 
lished medical literature. 

Within the military, the Armed Forces Medical 
Intelligence Center can be a particularly valuable 
resource. Its CD-ROM, "Medical Environmental Dis¬ 
ease Intelligence and Countermeasures," reviews in 
detail the health situation in almost every country in 
the world. 34 The military intelligence community is 
also a good resource for information on political 
conditions, culture, local militaries, and other issues 
relevant to understanding health conditions. 35 

Despite these many resources, however, back¬ 
ground health data can require substantial effort to 
obtain, and often there is not much time. Back¬ 
ground health information, particularly for areas in 
the developing world, is likely to be fragmented. 


outdated, or incomplete. Also, refugees and dis¬ 
placed persons may come from marginalized 
groups, which are not well characterized and may 
have worse health status than general statistics 
would indicate. Thus, applying background data in 
the conditions of a complex emergency may be 
problematic. 

Rapid Assessments 

Most relief agencies conduct rapid health as¬ 
sessments before intervening in a crisis. Rapid as¬ 
sessments characterize the emergency needs of the 
situation quickly but accurately, ensure that the type 
of assistance provided will be appropriate, alert the 
international community to the severity of the situ¬ 
ation, and enable relief to be targeted to the most 
vulnerable populations. 36 The types of information 
typically collected in a rapid assessment are shown 
in Exhibit 43-1. Although background information 


EXHIBIT 43-1 

BASIC INFORMATION NEEDED IN A RAPID HEALTH ASSESSMENT* 

Background Information: usual population demographics, normal health status, immunization coverage, 
indigenous diseases, usual diet and food situation, maps 

Population Profile: current size of population, location, age and sex distribution, household organization and size 

Health Situation: rates and causes of morbidity and mortality by age and sex, crude mortality rate 

Food Availability and Nutritional Status: available food supplies (indigenous and external), accessibility, 
evidence of acute malnutrition or micronutrient deficiencies 

Water: current use, availability, local sources 

Shelter and Fuel: availability, sources 

Environmental Conditions: climate, terrain, disease vectors, waste disposal 

Local Infrastructure: airports, seaports, roads, communications, electricity, trucking, warehousing 
Local Belief and Customs: health beliefs, food preferences, sanitary habits 

Other Responders: indigenous capacities, external groups present, organization of relief efforts, services 
being provided 

Political Situation: reasons for crisis, historical factors, host-nation position, external influences, underlying 
ethnic and cultural issues, underlying resource issues 

Security Situation: armed factions, level of banditry, availability of weaponry 

For more details on information to be collected and on methodologies of conducting rapid assessments, please consult 
these references: Centers for Disease Control and Prevention. Famine-affected, refugee, and displaced populations: recom¬ 
mendations for public health issues. MMWR. 1992;41(RR-13); United Nations High Commissioner for Refugees. Handbook 
for Emergencies. Geneva: UNHCR; 1982; Office of Foreign Disaster Assistance. Field Operations Guide for Disaster Assessment 
and Response. Version 2.0. Washington, DC: US Agency for International Development; 1994 (also available on the Internet, 
see Table 43-1); Toole MJ. The rapid assessment of health problems in refugee and displaced populations. Med Global Sur¬ 
veillance. 1994;1:200-207. 
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can be helpful, there is no substitute for "examin¬ 
ing the patient" directly. In recent years, the rapid 
assessment has been recognized as a distinct type 
of study with unique methodologies. In a rapid as¬ 
sessment of Kampuchean refugees in Thailand 39 
conducted within 2 weeks of their arrival, malnu¬ 
trition and malaria were identified as major health 
problems. This information was not anticipated. It 
proved to be essential in characterizing the nature 
and extent of health problems in this population and 
helped refocus relief efforts toward these issues. 
There are many examples in the literature of the use 
of rapid health assessments, as well as examples of 
misguided relief efforts when they were not 
conducted. 14 ( p 23 - 25) ' 28 ' 37 - 39 

Teams exist in the military specifically to assess 
disaster situations, such as the Humanitarian As¬ 
sistance Survey Teams at some major US military 
commands. Ad hoc assessment teams can also be con¬ 
structed, as in the Kurdish refugee crisis in northern 
Iraq in 1991: a medical team from US European Com¬ 
mand and units from the US Army Special Operations 
Command performed health assessments of the 
Kurds. 40 In Operation Sea Angel in Bangladesh in 
1993, the military collaborated with other agencies. 


Other 

1 % 



principally a Disaster Assistance Response Team 
from the US Office of Foreign Disaster Assistance, 
to obtain information on the damage caused by a 
cyclone. 41 In a complex emergency, many other as¬ 
sessments are likely to be conducted, so finding and 
using the results of surveys conducted by others 
can be an efficient way of obtaining needed infor¬ 
mation. Practical matters such as team composition, 
communications, travel arrangements, and lan¬ 
guage barriers are critical concerns. 20,36 

Targeted Surveys and Special Studies 

Targeted surveys and special studies usually fol¬ 
low initial, rapid assessments. These investigations 
delve into issues for which more detailed informa¬ 
tion is needed. Figure 43-2 illustrates typical causes 
of mortality in refugee situations for which more 
detailed information would be useful in designing 
effective interventions. Typical areas of more-inten¬ 
sive investigation are nutritional status, immuni¬ 
zation coverage, disease outbreaks, and rates and 
causes of morbidity and mortality. Surveys and spe¬ 
cial studies benefit from more focus and time than 
is possible with a rapid assessment. However, the 



Fig. 43-2. Causes of Mortality in Refugee Situations. These two pie graphs show common profiles of mortality in 
displaced populations during complex humanitarian emergencies. Common and usually preventable communicable 
diseases typically predominate, and young children are usually the most affected. Of note, the principal causes of 
death in Malawi were malnutrition and malaria, whereas in the Sudan measles and diarrhea predominated. This 
illustrates that while the same culprits may be important in many crises, their relative contributions can be very 
different. These types of data must be collected to characterize the causes of morbidity and mortality accurately, and 
relief efforts should be based on this information. Adapted from: Centers for Disease Control and Prevention. Fam¬ 
ine-affected, refugee and displaced populations: recommendations for public health issues. MMWR. 1992;41:8-9. 
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WEEKLY SURVEILLANCE REPORTING FORM 

Site: _ From:_/_/_ To:_/_/. 

I. Population 

A. Total population at beginning of week: 

B. Births:_ Deaths:_ 

C. Arrivals:_ Departures:_ 

D. Total populations at end of week:_ 

E. Total Population < 5 years of age:_ 

II. Mortality 


Reported cause of death 

Diarrheal disease 

0-4 Years 

5 + Years 

Total 

Males Females 

Males Females 





Respiratory disease 






Malnutrition 






Measles 






Malaria 
























Other/unknown 






Total 






Total < 5 years 


XXXXXXXXXXXXXXXXXX 


AVERAGE TOTAL MORTALITY RATE _ 

(Deaths/10,000 Total Population/day averaged for week) 

AVERAGE UNDER-FIVE MORTALITY RATE _ 

(Deaths/10,000 Under-fives/day averaged for week) 

III. Morbidity 


Primary 

Symptoms/Diagnosis 

Diarrhea/dehydration 

0-4 Years 

5 + Years 

Total 

Males Females 

Males Females 





Fever with cough 






Fever with chills/malaria 






Measles 






Trauma 






Suspected hepatitis 






Suspected cholera 






Suspected meningitis 
























Other/unknown 






Total 







IV. Comments 
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need to collect epidemiologically sound data must 
still be balanced against the need to have informa¬ 
tion quickly. As with rapid assessments, a body of 
methods has evolved to support the unique require¬ 
ments of surveys in disaster settings. For example, 
the 30-cluster survey, which is a technique first used 
in the smallpox eradication campaign to conduct 
rapid and valid population sampling, is a commonly 
used technique that allows a team to collect accu¬ 
rate data on a large population in just a few days. 

There are also many examples of surveys and 
special studies in the literature. 14,28 ' 36 ' 42,43 For example, 
a retrospective, population-based household sur¬ 
vey 43 conducted in Kabul, Afghanistan, documented 
very high death rates in a population devastated 
by civil war. War trauma and various preventable 
infectious diseases (eg, measles, diarrhea, acute res¬ 
piratory infection) were shown to be the main 
causes of death. Basic public health measures and 
actions to stop hostilities were shown to be the most 
urgent health needs. In the Kurdish refugee crisis 42 
and in Somalia, 44 ^ 7 US military preventive medicine 
personnel worked closely with civilian agencies to 
conduct nutritional surveys, mortality surveys, and 
investigations of malaria, hepatitis, and dysentery 
in civilian groups. The results documented causes 
of morbidity and mortality and were used to refine 
relief efforts. 

Surveillance 

Establishing regular, standardized surveillance 
is a critical component of a health information sys¬ 
tem in a complex emergency. Whereas rapid assess¬ 
ments and surveys usually focus on a specific point 
in time, surveillance allows the ongoing, real-time 
monitoring of critical health parameters. Disease 
conditions for which surveillance is conducted in 
complex emergencies are shown in a typical weekly 
surveillance form (Figure 43-3). Surveillance has 
contributed substantially to relief efforts in a num¬ 
ber of complex emergencies. 14,28,48 For example, a 
basic surveillance system was established by inter¬ 


national relief workers helping Bhutanese refugees 
in Nepal. This system enabled health workers to 
identify and manage outbreaks of malaria, dysentery, 
Japanese encephalitis, and measles. 48 In northern Iraq 
and Bangladesh, the US military contributed to ef¬ 
forts to establish and maintain surveillance sys¬ 
tems. 40,41 The information derived from surveillance 
enabled decision makers to focus on documented 
problems rather than on hearsay. During the 
Kurdish refugee crisis, rampant diarrhea, which 
was by far the predominant cause of mortality, was 
initially unrecognized. Once identified, civilian and 
military officials concentrated on providing oral 
rehydration salts and other more-appropriate relief 
supplies. 40,42 

Conducting surveillance in conditions of armed 
conflict is particularly difficult. 29-31 Efforts in Lebanon 
and the former Yugoslavia suggest that surveillance 
during conflict is best accomplished by rebuilding and 
supporting indigenous capabilities rather than at¬ 
tempting to impose a new external system. 29-31 

Crude Mortality Rate 

To gauge and follow the health status of a popu¬ 
lation affected by a complex emergency, certain 
basic indicators are commonly used. The crude 
mortality rate (CMR) is often cited as the most spe¬ 
cific indicator of the health status of a popula¬ 
tion. 14,36 A CMR not only indicates the current health 
state of a population but also provides a baseline 
against which the effectiveness of relief programs 
can be measured. 

The CMR is usually expressed as the number of 
deaths per 10,000 population per day. In a develop¬ 
ing country, the usual baseline CMR is 0.4-0.6/ 
10,000 per day. A CMR greater than 1 is considered 
elevated and greater than 2 is an emergency situation 
calling for urgent relief action. 14,36 Table 43-2 shows 
CMRs from some recent complex emergencies. 

Depending on the circumstances, the CMR can 
be estimated from rapid assessments, surveys, spe¬ 
cial investigations, or routine surveillance. To esti- 


◄- 

Fig. 43-3. A Weekly Surveillance Reporting Form for Refugees or Displaced Persons in a Complex Humanitarian 
Emergency. Surveillance is a critical aspect of dealing with a complex humanitarian emergency. Reliable data are 
needed to monitor the public health vital signs of the affected population so that health problems are rapidly identi¬ 
fied and appropriate relief measures implemented. Every situation demands the collection of different data in a 
somewhat different way at different time intervals. This form, however, provides a useful template for collecting 
information on most of the health outcomes of importance in the acute phases of a disaster during which people have 
been displaced. In a disaster situation, the desire for detailed data must be balanced against the need for an informa¬ 
tion collection system that provides what is really needed in a simple, straightforward, and practical way. Source: 
Centers for Disease Control and Prevention. Famine-affected, refugee and displaced populations: recommendations 
for public health issues. MMWR. 1992;41:42-3. 
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TABLE 43-2 

CRUDE MORTALITY RATES IN SELECTED REFUGEE AND DISPLACED POPULATIONS, 1990-1994 


Country of Origin 

Country of Asylum 

Year 

CMR 

Liberia 

Internally displaced 

1990 

2.4 

Iraq (northern provinces) 

Internally displaced 

1991 

4.2 

Somalia 

Kenya 

1992 

7.4 

Somalia 

Internally displaced 

1992 

17.0 

Burma (Myanmar) 

Bangladesh 

1992 

1.6 

Sudan 

Internally displaced 

1993 

7.6 

Burundi 

Rwanda 

1993 

3.0 

Rwanda 

Burundi 

1994 

9.0 

Rwanda 

Zaire 

1994 

59-94 


CMR: crude mortality rates 

Data Sources: (1) Defense Intelligence Agency. Bosnia Country Handbook. Washington, DC: DIA; 1996, (2) Centers for Disease Con¬ 
trol and Prevention. Famine-affected, refugee, and displaced populations: recommendations for public health issues. MMWR. 
1992;41(RR-13):23-25, and (3) Smith CR. Angels from the Sea: Relief Operations in Bangladesh, 1991. Washington, DC: History and 
Museums Division, Headquarters, US Marine Corps; 1995: 9-27. 


mate the CMR, a reasonable estimate of a denomi¬ 
nator is needed. As was found in Goma, Zaire, how¬ 
ever, obtaining an estimate of population size can 
be very difficult. Despite much attention to this is¬ 
sue, in that crisis the denominator was ultimately 
judged to be within the range of 500,000 to 800,000 
persons; a more precise estimate was not possible. 49 

Many different techniques are used to estimate 
population size, most relying on some kind of 
simple sampling scheme. 13,14,17,18 Population estimates 
can be highly politicized as displaced populations 
and some relief groups may have an interest in 
larger numbers while some governments may pro¬ 
mote smaller estimates. Some within and outside 
the military have suggested that the powerful tech¬ 
nology of the US military intelligence community 
and other military technologies, such as satellite 
imagery, may be of great value in locating and accu¬ 
rately counting displaced populations. These clearly 
could have an important role in some situations. 

Obtaining the numerator, the number of deaths, 
can be a problem as well. Techniques used for count¬ 
ing deaths in a crisis include counting new plots in 
graveyards, counting burial shrouds sold, and in¬ 
terviewing local religious leaders and civil authori¬ 
ties. In some situations, the number of deaths may 
be very hard to quantify. For example, families that 
receive a food ration for every family member may 
be very reluctant to report a death. (Often food ra¬ 


tions will be continued in order to encourage re¬ 
porting.) In some cultures, individuals may be very 
reluctant to report deaths to outside authorities for 
religious or cultural reasons. In the chaos of Goma, 
Zaire, where there was no way to dig graves in the 
volcanic rock, epidemiologists were able to quan¬ 
tify death rates by counting the bodies left by the 
roadside. 49 This is one example of how methods can 
be devised on the scene to collect data. 

Nutritional Surveys 

Another important focus of information collection 
in an emergency is nutritional data, specifically 
evidence of acute malnutrition or acute micronutri¬ 
ent deficiencies. In the nutritional survey, anthropo¬ 
morphic measures of a random sample of children 
between 6 months and 5 years of age (the most vul¬ 
nerable group) are taken to assess the nutritional 
state of the population overall. Either weight-for- 
height is measured or a mid-upper arm circumfer¬ 
ence (MUAC) is taken (see Chapter 47, Nutritional 
Assessment and Nutritional Needs of Refugee or 
Displaced Populations). 

The nutritional status of the population is typi¬ 
cally expressed as the prevalence of wasting in the 
children measured, as determined by low weight- 
for-height or small MUAC. A prevalence of wast¬ 
ing of greater than 8% is considered severe and of 
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greater than 10% is critical. 50 The percentage of chil¬ 
dren with edema, which indicates severe malnutri¬ 
tion, can also be a useful indicator. Indicators of 
specific micronutrient deficiencies, such as xe¬ 
rophthalmia from vitamin A deficiency, can be im¬ 
portant as well. Considerable literature is available 
on nutritional surveys and the specific methods 
used to conduct them. 13,14 ' 42,50 Part of the Epi Info 51 
software package is a nutrition module that allows 
rapid data entry and analysis. 

While many humanitarian workers focus on nu¬ 
tritional surveys in the emergency phase of a crisis, 
the occurrence of malnutrition is the result of what 
are usually complex and long-standing food prob¬ 
lems. Techniques exist to evaluate food production, 
availability, accessibility, security, stores, markets, 
and distribution; 13,14,50 these techniques can also pro¬ 
vide critical information for relief efforts and may 
predict a food crisis before malnutrition becomes 
apparent. 

An Effective Health Information System 

Obtaining data is only half of the battle. Data 
must be translated into usable information and dis¬ 
seminated to those who need to know. 13,14,32 Infor¬ 
mation is powerful only if it is used effectively. A 
commander or a regional supervisor, for example, 
may need only key statistics that bear on a major 
programmatic decision. A survey that shows that a 
low percentage of persons in a particular camp are 
immunized against measles supports a decision to 
devote resources to an emergency immunization 
campaign. Reports going back to headquarters in 
Washington, DC, should stress items of interest to 
senior commanders. A graphical representation of 
escalating crude mortality rates in certain regions 
may provide the basis for redirecting support or 
perhaps even redefining the mission. Care provid¬ 
ers on the front lines of a crisis may be interested in 
simple graphs showing recent trends in local febrile 
illness, such as a sudden increase in malaria, so they 
can develop local treatment protocols. 

A successful health information system requires 
substantial proactive effort and, sometimes, clever 
marketing to use and disseminate information ef¬ 
fectively. Exhibit 43-2 lists the steps in developing 
a health information system. Of note is that a health 
information system is dynamic and must be tailored 
for the situation. A sound system includes the on¬ 
going evaluation of the system itself to ensure that 
it is effective and meeting the needs of the decision 
makers. 


As a rule, information should be carefully scru¬ 
tinized in a complex emergency. Data of poor qual¬ 
ity or obtained by questionable methods are often 
readily available, and they can easily be misinter¬ 
preted and misused. For example, if a clinic reports 
that 25% of children are malnourished based on the 
self-selected clinic population and this was inter¬ 
preted as the extent of malnutrition in the popula¬ 
tion overall, a highly skewed view of the situation 
would result. 

Boss and colleagues 52 reviewed 23 surveys con¬ 
ducted in Somalia between 1991 and 1993. A wide 
diversity of methods and reporting procedures was 
used. Despite much effort to obtain needed infor¬ 
mation in this crisis, the differences in study objec¬ 
tives, designs, parameters measured, methods of 
measurement, definitions, and analyses prevented 
decision makers from making the most effective use 
of the data. Those conducting surveys in complex 
emergencies should define clear study objectives, 
use standard sampling and data collection meth¬ 
ods, and ensure precise, written documentation of 
objectives, methods, and results. 


EXHIBIT 43-2 

STEPS IN DEVELOPMENT OF AN 
EFFECTIVE HEALTH INFORMATION 
SYSTEM 


1. Assign primary responsibilities for coordi¬ 
nating and operating the health information 
system (HIS) 

2. Define HIS objectives 

3. Identify specific data to be collected and 
measures to be used 

4. Establish chains of information transmission 

5. Develop case definitions 

6. Develop data collection forms 

7. Train personnel and field-test system 

8. Develop methods of data entry and analysis 

9. Develop feedback mechanisms 

10. Evaluate regularly and adapt HIS as needed 

Data source: Centers for Disease Control and Preven¬ 
tion. Famine-affected, refugee, and displaced popula¬ 
tions: recommendations for public health issues. 
MMWR. 1992;41(RR-13). 
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The findings of field studies will have to be care¬ 
fully explained to decision makers and the media, 
all of whom may not readily understand the mean¬ 
ing of the data collected and the data's limitations. 
In southern Sudan, where security problems pre¬ 
vented access by relief workers to the population 
at large, nutrition and mortality assessments were 
intrinsically biased because they could only be con¬ 
ducted in areas where food was being distributed. 
Inappropriate use of this information led to misun¬ 
derstandings of the relief needs and to misreporting 
of the situation. 36 

Ideally, an information system is an integrated 
and coordinated effort. Responsibilities for report¬ 


ing, analyzing, and disseminating data should be 
clear. This can be hard to accomplish in the chaos 
of complex emergencies. In relief efforts in Goma, 
Zaire, the UN High Commissioner for Refugees 
successfully established an integrated health infor¬ 
mation system involving many other agencies and 
the coalition military forces. 49 Similarly, in Bosnia 
and Herzegovina, the WHO worked closely with 
other agencies and with indigenous persons to col¬ 
lect and use health information. 31 These unprec¬ 
edented efforts in complex emergencies led to a 
much better understanding of morbidity and mor¬ 
tality patterns and thus to improved decision mak¬ 
ing about relief efforts. 


PRINCIPAL CAUSES OF MORBIDITY AND MORTALITY 


Much work has been done to elucidate the causes 
of death and dying in both the combatants and the 
civilian victims of complex emergencies. The com¬ 
batants in situations of armed conflict often experi¬ 
ence very high rates of injury and death because of 
the type of fighting going on, the weapons avail¬ 
able, and the lack of medical care to treat the 
wounded. 53 

In some complex emergencies, however, the pre¬ 
ponderance of morbidity and mortality (up to 90% 
of deaths) occurs in civilians. 54-56 This is the result 
of many complex and interrelated factors, including 
violence, destruction of the food economy, destruc¬ 
tion of the health system, population displacement, 
poverty, and infectious disease. In some refugee 
camps in Somalia (1991 and 1992), for example, an 
estimated 74% of children younger than 5 years of 
age died. 57 This was the result of malnutrition, com¬ 
municable disease, and other problems stemming 
from the ongoing violence. 58 

The ICRC, which provides much of the casualty 
care in complex emergencies, has published infor¬ 
mation on the subject of the war-wounded and their 
management. 13,59 Dealing with war trauma is be¬ 
yond the scope of this textbook, but preventive 
medicine personnel should consider that violence 
and trauma are an important aspect of complex 
emergencies. Indeed, in some complex emergencies, 
violence has been the greatest threat to the public 

llGciltll 43,53-56,60,61 

Civilians may find themselves in the way of the 
fighting, but in some complex emergencies, inten¬ 
tional humans rights violations and outright geno¬ 
cide are the most important causes of violent death. 
In the former Yugoslavia, as many as 250,000 civil¬ 
ians were killed in the late 1980s and early 1990s; 


many were targets of warring factions. 60 In Rwanda, 
perhaps as many as a million people were killed by 
violence in civil disturbances and massacres in 
1994. 49 In Cambodia in the late 1970s, an estimated 
4 million to 6 million people died under the Khmer 
Rouge regime; most of the deaths were from vio¬ 
lent causes. 62 Land mines are an enormous cause of 
morbidity and mortality among civilians during 
and after many complex emergencies 63 (see Chap¬ 
ter 41, The Challenge of Humanitarian Assistance 
in the Aftermath of Natural Disasters). 

Understanding the causes of violence and how 
they can be prevented is a major public health con¬ 
cern. Preventive medicine personnel could become 
involved in planning health services and allocat¬ 
ing limited health resources. For example, the ICRC, 
using an epidemiologic approach to casualty man¬ 
agement, has reevaluated how it provides surgical 
care in situations of conflict and how the effective¬ 
ness of providing surgical services compares to 
other health interventions. 64,65 

Aside from violence, the principal causes of death 
among refugees and displaced persons have been 
childhood diseases, such as the primarily prevent¬ 
able communicable diseases measles, diarrheal dis¬ 
ease, acute respiratory infection, and malaria. 14,66-70 
Other infectious diseases, such as meningococcal 
meningitis, are occasionally important. Protein en¬ 
ergy malnutrition and specific micronutrient defi¬ 
ciencies have been critical cofactors of mortality in 
many crises. 71-73 Figure 43-2 shows typical causes 
of death in two refugee situations. In many crises, 
certain groups have been more vulnerable. Excess 
mortality in complex emergencies is typically great¬ 
est in the 1- to 14-year-old age groups and in 
women. 14,66,67 
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TEN CRITICAL EMERGENCY RELIEF MEASURES 


Although every complex emergency is different 
and the relative priority of emergency health inter¬ 
ventions varies, there is a fundamental core of ur¬ 
gent relief measures. The ten essential emergency 
relief measures discussed below are adapted from 
a report of a WHO conference. 74 During this meet¬ 
ing, a group of experienced relief experts decided 
on the key priorities in providing emergency relief 
for refugees and displaced persons, excluding mea¬ 
sures to contain violence. The measures are not 
listed in any particular order because their relative 
importance will change depending on the situation. 
It is unusual, however, for another measure to crack 
into this core group during the emergency phase of 
a relief operation. 

Rapidly Assess the Health Status of the Affected 
Population 

Effective relief depends on characterizing the 
situation with timely and sound public health data. 

Establish Disease Surveillance and a Health 
Information System 

The ongoing monitoring of important diseases 
and the use of this information for public health 
action is critical in designing and running effective 
relief efforts. 

Immunize Against Measles and Provide Vitamin 
A in Situations of Food Shortage 

Measles in children has been shown repeatedly 
to be a major, and often the most important, cause 
of death in refugees and displaced persons. Measles 
outbreaks can be explosive and have caused thou¬ 
sands of deaths in just a few weeks. Studies among 
refugees show that large measles outbreaks can oc¬ 
cur even if vaccine coverage rates exceed 80%. 
Therefore, measles immunization campaigns must 
be accorded the highest priority. 75 They should not 
be delayed until measles cases are reported or until 
other vaccines become available. Measles deaths 
occur primarily in young children, but children as 
old as 14 to 15 years have been affected. 66-73,75 

The most common nutritional deficiency in refu¬ 
gee and displaced populations is lack of vitamin 
A. 72,76 Deficiency of this vitamin has been shown to 
be an important cause of mortality in measles cases 
and of mortality from all causes. Vitamin A supple¬ 


mentation is cheap and easy. Thus, mass adminis¬ 
tration of vitamin A at the same time as measles 
vaccination can be an important adjunct interven¬ 
tion to reduce the consequences of measles infec¬ 
tion, particularly in malnourished populations. 

In selected situations, vaccination against diphthe¬ 
ria, pertussis, tetanus, polio, tuberculosis, meningo¬ 
coccal meningitis, or cholera may be appropriate. 
But rarely, if ever, will these interventions be as 
important as immunization against measles. These 
other immunizations usually become consider¬ 
ations after the emergency phase has passed. 14,67-74,76 

The US military has a number of logistic capabili¬ 
ties to assist in emergency vaccination campaigns. 
Military commanders must be careful, however, not 
to support unnecessary campaigns, as has been 
done in the past, 77 or fail to support needed pro¬ 
grams in a timely fashion. In northern Iraq, an ur¬ 
gent measles vaccination campaign for the Kurds 
was delayed unnecessarily. 40 Also commanders 
must realize that although US service members re¬ 
ceive many vaccinations, few in the armed forces 
have much experience with the technical aspects of 
mounting an emergency vaccine campaign in the 
field in another population. Furthermore, the mili¬ 
tary may not have critical supplies readily avail¬ 
able, such as pediatric vaccine formulations or 
equipment for an extended cold chain. 9 

Institute Diarrhea Control Programs 

Diarrheal diseases are often a principal cause of 
morbidity and mortality in complex emergen¬ 
cies. 13,14,66,68-71,78 Common pathogens such as rotavirus 
and E coli are often important causes of diarrhea 
outbreaks, but Vibrio cholera and drug-resistant Shi¬ 
gella species have also caused devastating outbreaks. 
Prevention of all types of diarrhea involves providing 
good sanitation, clean water, and adequate personal 
hygiene. Simple emergency measures to prevent 
diarrhea include organizing chlorination brigades, 
isolating defecation fields, and providing soap. 79,80 
Simple measures such as providing soap are inex¬ 
pensive and can substantially reduce person-to-per- 
son disease transmission. 

In some situations, though, and particularly in 
the emergency phases of a relief effort, preventive 
measures may not be feasible or effective. The criti¬ 
cal intervention in coping with diarrheal disease 
then becomes preventing mortality through effec¬ 
tive case management. Sound case management of 
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diarrheal disease, even in cholera epidemics, can 
reduce case fatality rates to less than 1%. 79,80 

Effective case management of diarrhea is based 
primarily on providing fluid replacement through 
aggressive oral rehydration therapy. Intravenous 
fluid replacement and antibiotics are used selec¬ 
tively and according to protocols relevant to the 
situation. While these concepts are easy to under¬ 
stand, experience has shown that effective diarrhea 
treatment programs require substantial organiza¬ 
tion and numerous personnel with experience and 
training. In northern Iraq in 1991, for example, the 
abundance of rehydration salts and enthusiastic 
medical providers was not enough in the absence 
of effectively run rehydration centers. 42 Effective 
case management of cholera and dysentery was also 
problematic in Rwanda in 1994. 49 

Choosing an appropriate antimicrobial to treat 
cases during diarrhea outbreaks can be difficult. In 
Rwanda, Shigella dysenteriae, which was causing a 
devastating outbreak, demonstrated extensive re¬ 
sistance to the commonly available antimicrobials. 49 
The US military had a large stockpile of ciprofloxacin, 
to which the bacteria were shown to be highly sen¬ 
sitive. Many relief groups, however, did not want 
an expensive and "high-tech" drug to become 
widely used, in part because ciprofloxacin resis¬ 
tance might develop. Ultimately, the US military 
collaborated with relief agencies to use ciprofloxacin 
in a controlled manner under agreed upon protocols. 

An important component of diarrhea control pro¬ 
grams is developing community outreach programs 
to seek out cases that may not present to treatment 
facilities. Education of the community, particularly 
mothers, on the use of oral rehydration therapy, the 
importance of continuing breast feeding, and the im¬ 
portance of personal hygiene is also a priority. Active 
case finding, surveillance, and outbreak investigation 
are essential in determining the causes of the outbreak. 

While medical personnel deployed on military 
missions certainly may participate in diarrhea con¬ 
trol programs, military commanders and care pro¬ 
viders must appreciate that the approach to diar¬ 
rhea management in a complex disaster is different 
from the approach that would be followed in the 
military setting. Military care providers may not 
have the necessary training or supplies, such as oral 
rehydration salts, to treat large numbers of diarrhea 
cases effectively. 

Provide Elementary Sanitation and Clean Water 

Many of the diseases that occur in the setting of 
a complex emergency are to a great extent the con¬ 
sequence of poor environmental conditions. Water 


is often in short supply and of poor quality. There 
are limited means to dispose of waste. Vectors of 
communicable diseases may be prevalent. The means 
for basic personal hygiene may be lacking. 13,14,79-82 

Addressing these environmental health issues, 
particularly providing potable water, usually is a 
very high priority. Water needs are frequently un¬ 
derestimated. Only 3 to 5 L of potable water per 
day must be consumed for short-term survival, but 
people need at least 15 to 20 L per day for cooking, 
cleaning, medical care, and, sometimes, important 
ritual purposes. In some situations, such as when 
people are active in a hot environment, water needs 
are even greater. Medical facilities require much more 
water, usually at least 100 L per patient per day. 81 

Environmental issues are often very difficult to 
resolve because they require considerable resources 
and technical expertise. Providing potable water to 
a group of refugees, for example, may require ex¬ 
perienced engineers who can locate the best sources 
of water, whether from the ground, the surface, or 
a spring. Expertise, such as how to construct a 
proper well and select the appropriate pump, is 
needed to access the source. The characteristics of 
a water distribution system are important because 
they can greatly influence the way water is accessed 
and therefore used; if people have a difficult time 
obtaining water, they will use it sparingly. 83 As¬ 
sessing and maintaining water quality is a critical 
aspect of a water program. 84 Local water may be a 
limited resource and local political considerations 
may be critical in its access and use. Cultural con¬ 
siderations can also be important factors in how 
water is accessed and used by the local population. 85 

The technical skills and other considerations in 
waste disposal, vector control, and personal hy¬ 
giene can be equally complex. Some relief organi¬ 
zations focus on environmental health issues but 
most do not. The technical challenges and lack of 
donor appeal of environmental issues remain ma¬ 
jor problems. 

The military clearly has resources and expertise 
in environmental health; environmental health of¬ 
ficers, entomologists, and other preventive medi¬ 
cine specialists have made many contributions to 
relief efforts in the past. In 1994 in Goma, Zaire, for 
example, US forces helped provide and distribute 
clean water. What is appropriate for supporting US 
service members, though, may not be appropriate 
for a humanitarian emergency. Some relief officials 
were critical of military efforts in Rwanda that re¬ 
lied on more technically difficult and slow purifi¬ 
cation techniques (primarily the reverse osmosis 
water purification unit) rather than simpler and 
more expedient chlorination techniques. Some of- 
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ficials argued that using chlorine and teaching refu¬ 
gees to use it themselves would have been more 
effective. 

Provide Adequate Shelter, Clothes, and Blankets 

Shelter is a basic human need. The provision of 
the basic means to be protected from the elements— 
sun, rain, and cold—is a high priority. The WHO 
recommends that each person in a refugee camp 
have at least 30 m 2 of total area, with 3.5 m 2 of that 
for housing. 86 Also, in populations with nutritional 
deficits, substantial energy can be expended sim¬ 
ply in trying to keep warm. So some have argued 
that in certain situations distributing shelter, 
clothes, and blankets may be more economical than 
distributing food. 87 

As with environmental interventions, there is a 
substantial body of knowledge that deals with the 
technical considerations of emergency hous¬ 
ing. 13 - 20 ' 86 ' 87 The selection of the specific sites for shel¬ 
ter, the layout of camps, and the type of materials 
used in construction are all important issues. Camps 
constructed in poor locations and with inadequate 
design can accelerate communicable disease trans¬ 
mission. Other factors to consider are the local 
availability of materials, the economic level of 
development of the population, the social hab¬ 
its, the local customs, and the political context. 

The decision to provide shelter can have signifi¬ 
cant long-term consequences. Simple shelters pro¬ 
vided on an emergency basis may unintentionally 
evolve into a permanent camp and end up attract¬ 
ing more refugees to the site. Many of these issues 
may become faits accomplis before reasoned deci¬ 
sions can be made by relief officials. Refugees are 
often forced by circumstances into poor locations 
that would never have been chosen by relief work¬ 
ers who had been given the opportunity to make 
decisions based on health and safety. 

In sum, military officials must be cautious when 
providing housing. Although materials may be 
available and shelter may be a high-priority issue, 
tents or other such items should not be reflexively 
supplied if they are unnecessary or inappropriate 
for the situation. 

Ensure Food Supplies Are Adequate and Reach 
Intended Recipients 

One of the hallmarks of complex emergencies is 
a shortage of food. Thus, providing at least 2,000 
kcal per day per person is an essential priority in 
emergency situations. While it is often uncertain 
how many people actually die of starvation during 


complex emergencies, 87 acute malnutrition has been 
shown to be a critical underlying cause of much 
morbidity and mortality. 13 ' 14 ' 17 “ 20,50 ' 73 There are many 
ways of providing emergency food relief. General 
food rations can be distributed widely to the 
population, perhaps in exchange for work or school 
attendance. General food rations consist of nutri¬ 
tionally balanced basic commodities that are 
appropriate to the situation and culture. Selective 
or supplemental feeding programs target food for 
certain high-risk persons, such as malnourished 
children, tuberculosis patients, or lactating moth¬ 
ers. This food may be distributed as rations to take 
home or can be provided at feeding centers, such 
as "soup kitchens." Therapeutic or rehabilitative 
feeding can be provided for significantly malnour¬ 
ished persons as a medical intervention and is usu¬ 
ally given on an inpatient basis through assisted 
eating, nasal-gastric tube, or intravenous line. 

The mechanics of managing food distribution and 
feeding programs are often complex. For example, 
an intensive rehabilitative program for severely 
malnourished children must have mechanisms to 
identify patients in the affected population. To some 
extent, patients may be self-referred, but often they 
must be proactively sought through clinic referrals 
and community outreach workers. Protocols and 
procedures must be developed to screen patients 
and determine who is eligible. Refeeding is labor- 
intensive and requires care providers with training 
and experience. 50 Patients typically have other ag¬ 
gravating illnesses and infections, such as malaria, 
that can complicate refeeding efforts. After dis¬ 
charge, follow-up programs must exist to prevent 
relapse. Sometimes family interventions are needed 
to counteract the social context that was a factor in 
the malnutrition. For example, in some cultures one 
child may be singled out to be deprived so that the 
other children may survive. The management of other 
food distribution programs can be complicated also 
and requires technical skills and experience. 

Food programs have not always been successful, 
due in part to formidable problems of logistics, se¬ 
curity, and distribution. Food aid can be highly 
politicized and food relief misused. Food supplies 
must be nutritionally balanced and culturally ap¬ 
propriate, and there has been much debate about 
the appropriate number of calories and the best 
content of food rations. Remarkably, micronutrient 
deficiencies have occurred in populations relying 
on donated food. 72 

The causes of food shortages are complex and 
may involve disruption of harvests, collapse of 
markets, lack of distribution systems, manipulation 
of food supplies by warring factions, and many 
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other factors. Thus, an emergency feeding campaign 
must not only provide food urgently and effectively, 
but also begin to address the root problems of the 
crisis. Supplying seeds and agricultural implements 
may, in the long run, be as important as supplying 
emergency food. 

There are a number of agencies that specialize in 
managing the "food pipeline" to emergency situa¬ 
tions: the procurement, processing, shipping, and 
storing of bulk food. The World Food Programme 
is the principal international agency. In the United 
States, some of the principal agencies include Care, 
Catholic Relief Services, World Vision, and Feed the 
Children. On the scene of an emergency, other agen¬ 
cies, such as the ICRC and private volunteer orga¬ 
nizations, often assume responsibility for actually 
distributing food and for administering feeding 
programs. 

Military relief providers should be sensitive to 
the many facets and complexities of food relief. The 
US military has used the Meal, Ready to Eat (MRE) 
on occasion for emergency food relief, sometimes 
by dropping them from the air into inaccessible ar¬ 
eas. While MREs may be better than nothing in an 
extreme crisis, they are a highly imperfect solution. 9 
Flumanitarian MREs have been developed that are 
designed to be culturally appropriate and nutrition¬ 
ally balanced for almost any population (see Chap¬ 
ter 47, Nutritional Assessment and Nutritional 
Needs of Refugee or Displaced Populations). These 
could have a limited but very important niche in 
military relief efforts. 

Establish Appropriate Curative Services 

Establishing curative medical services that fol¬ 
low standard treatment protocols, are based on es¬ 
sential drug lists, and provide basic coverage to the 
community as a whole are usually a high priority 
in complex emergencies. Providing acute medical 
care is one of the most visible and understandable 
aspects of a relief operation, and experience has 
shown that many external medical providers are 
willing to volunteer in an emergency. In fact, one 
of the hallmarks of emergency relief is the dispatch 
of medical teams from developed countries to treat 
sick victims. However, what medical care is actu¬ 
ally needed should be carefully considered before 
providing curative services; noble intentions may 
not necessarily translate into effective action. 

Substantial experience shows that medical care 
in emergency situations should be based on simple 
standardized protocols. The WHO and other orga¬ 
nizations have developed basic, easily adaptable, 
field-tested protocols for managing diarrheal dis¬ 


ease, respiratory infection, febrile illness, and other 
common problems. 13,14,18,79,80,89 Underlying these basic 
protocols are basic essential drug and supply lists. 90 

Using standard protocols and basic supplies as¬ 
sures that the care provided will be appropriate and 
allows the most efficient use of limited resources. 
Following basic protocols enables physician assis¬ 
tants, nurses, and community health workers to 
provide effective medical care without time-con¬ 
suming and overly technical interventions. This al¬ 
lows care to be delivered that is appropriate for the 
population and the same level of care to be sus¬ 
tained after the military and other outside relief 
workers depart. The management of relief supplies 
has been a very difficult problem in many disaster 
efforts; using essential drug and supply lists helps 
assure that logistic resources are devoted to needed 
items. 

Medical providers must be prepared to treat the 
conditions they will face. Volunteer providers from 
sophisticated hospitals in developed nations may 
not be well trained in dealing with the common 
problems of refugees or in using basic protocols and 
techniques appropriate to the situation. They may 
be called on to use drugs and techniques that are 
no longer used in their countries. In many emer¬ 
gencies, field hospitals or specialty teams have been 
deployed when basic primary care that reaches a 
large number of the population was what was 
needed. 27,28 

Military medical teams are highly capable and 
rapidly deployable to isolated and austere locations. 
Military medicine certainly has much to offer in 
times of crisis 11,91 ; however, military medicine may 
not be well prepared or well supplied to handle 
some emergency situations. A battalion aid station, 
for example, that is designed primarily to stabilize 
trauma cases in US combat troops and evacuate 
them is poorly equipped, staffed, and supplied to 
handle diarrhea and respiratory illness in children 
or other common problems of displaced persons. 
Medical teams deployed to complex emergencies 
may have to be staffed and supplied quite differ¬ 
ently than when they are supporting military op¬ 
erations. 9,92 Training medical personnel before they 
arrive in the field on the management of common 
health problems may be necessary. 

Organize Human Resources 

Community health experts are essential in assur¬ 
ing that medical care in an emergency is truly 
community-based and oriented toward primary 
care. 13,18,85 While it is easy to focus on clinics and 
hospitals, community health workers are the means 
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by which health services actually reach much of the 
population. An effort should be made to ensure 
there is one community health expert for every 1,000 
individuals in the target population. 

Relief will only be effective if it is based on the 
needs and idiosyncrasies of the local cultures. Out¬ 
side relief personnel may know little about local 
food preferences, sanitary mores, social customs, 
indigenous medical practices, and other such issues. 
A food program, for example, that provides cultur¬ 
ally inappropriate commodities will not succeed. 
Community health experts will have insights into 
these matters that can profoundly effect the deliv¬ 
ery of health services. 

The access that community health experts have 
to the community can be critical. They are essential 
in communicating with local leaders, who play a 
central role in the success or failure of relief pro¬ 
grams. If local leaders do not support an urgent 
measles vaccination program, for example, few 
people will participate. There can be many barriers 
to seeking medical care in an emergency, some prac¬ 
tical and some cultural. Community health experts 
are often able to locate those in need. In northern 
Iraq, severely malnourished and dehydrated children 
were sometimes kept in a dark corner of their shel¬ 
ter and were not brought into the clinic unless the 
community health expert actively sought them out. 42 


Those from outside the affected population who 
are providing relief may tend to see aid recipients 
as helpless victims, but disaster-affected popula¬ 
tions have a wealth of human resources. In fact, 
those affected by disasters are usually very anxious 
to help themselves and only lack the means. 
Community health experts are the key to mobiliz¬ 
ing indigenous resources into relief efforts. The US 
military needs to understand these issues and what 
relief agencies are trying to achieve with commu¬ 
nity health experts. 

Coordinate Activities of Local Authorities and 
Relief Agencies 

A hallmark of a complex emergency is the com¬ 
plex response. Many agencies and organiza¬ 
tions—governmental and private, civilian and 
military, indigenous and external—become in¬ 
volved. Without effective cooperation and coor¬ 
dination, time, energy, money, supplies, and most 
importantly lives may be lost. This extremely 
important issue is covered in detail in Chapters 
41, The Challenge of Humanitarian Assistance in 
the Aftermath of Disasters; 45, The International 
Humanitarian Response System and the US Mili¬ 
tary; and 46 Domestic Disaster Response: FEMA 
and Other Governmental Organizations. 


PRISONERS OF WAR AND OTHER DETAINEES 


Enemy prisoners of war, retained persons, and ci¬ 
vilian internees are protected under international hu¬ 
manitarian law, the Law of War, and the US military's 
Uniformed Code of Military Justice. 93-97 They state that 
all persons captured, detained, interned, or otherwise 
held in armed conflicts must receive humanitarian 
care and treatment. The stress of combat or other fac¬ 
tors never justifies inhumane actions. 

From a preventive medicine point of view, all 
detained persons must be provided with sanitary 
living conditions, food, water, and access to neces¬ 
sary medical care. Preventive medicine personnel 
are likely to be involved in planning for detained 
persons and assuring that these basic conditions are 
met. The Persian Gulf War is a recent example of 
this type of preventive medicine involvement; dur¬ 
ing and after the ground war, preventive medicine 
personnel were largely responsible for managing 


thousands of Iraqi prisoners. Of additional note is 
that sick and wounded detainees are eligible for 
repatriation to their home country or neutral terri¬ 
tory. Also, detained medical personnel must be 
granted facilities and the means to provide medi¬ 
cal care to fellow detainees. Preventive medicine 
personnel may therefore have to work with de¬ 
tained providers to medically screen new arrivals, 
contain disease outbreaks, run vaccination cam¬ 
paigns, or provide other medical services. 

The ICRC has special responsibilities in regard 
to detained persons. The ICRC regularly conducts 
missions all over the world to assess, monitor, and 
assist war prisoners and other detained persons. Un¬ 
der international humanitarian law, representatives 
from the ICRC have the right to be closely involved 
in any activities the military undertakes involving 
detained persons, and they exercise that right. 


SUMMARY 


Complex humanitarian emergencies are a tragic 
but inescapable part of our world. US military forces 
will continue to be involved in at least some of these 


crises. Whatever the specific mission, preventive 
medicine personnel have the potential to play a 
major role in shaping both military and overall re- 
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lief efforts through understanding and interpreting 
critical health information for commanders. 

Most experience to date in complex emergencies 
comes from crises in the developing world, princi¬ 
pally Africa. At the time of this writing, major com¬ 
plex emergencies are ongoing or pending in very 
different environments. The crisis in the former 
Yugoslavia has focused attention on trauma and 
human rights abuses as public health issues. The 
severe food shortages and declining health situation 
in North Korea may lead to a complex emergency 
in a more developed country in which, because of 


the repressive political regime, people stay at home 
and do not become displaced. This may lead to dif¬ 
ferent patterns of morbidity and mortality and the 
need for different intervention strategies. The contin¬ 
ued massive influx of persons into cities throughout 
the world and the extensive environmental damage 
in former Iron Curtain countries are other factors that 
could put a different face on future complex emer¬ 
gencies. Thus, while the principles enumerated above 
will remain important, preventive medicine person¬ 
nel dealing with future complex emergencies will 
have to understand and cope with the unforeseen. 


REFERENCES 


1. Sivard RL. World Military and Social Expenditures 1996. Washington, DC: World Priorities; 1996: 7. 

2. Stockholm International Peace Research Institute. Yearbook 1996. Uppsala, Sweden: Uppsala University; 
1996: 15-22. 

3. United States Mission to the United Nations. Global Humanitarian Emergencies, 1996. New York: United States 
Mission to the United Nations; 1996. 

4. US Committee for Refugees. World Refugee Survey 1996. Washington, DC: Immigration and Refugee Services of 
America; 1996: 4-7. 

5. Toole MJ. Complex emergencies: refugee and other populations. In: Noji E, ed. The Public Health Consequences of 
Disasters. New York: Oxford University Press, 1996: 419-442. 

6. Committee on the Navy and Marine Corps in Regional Conflict in the 21st Century. The Navy and Marine Corps 
in Regional Conflict in the 21st Century. Washington, DC: National Academy Press; 1996: 27-39. 

7. Marine Corps Intelligence Activity. Threats in Transition, Marine Corps Mid-Range Threat Estimates 1995-2005. 
Quantico, Va: MCIA; 1995. 

8. Burkle FM Jr, Frost DS, Greco SB, Peterson HV, Lillibridge SR. Strategic disaster preparedness and response: 
implications for military medicine under joint command. Mil Med. 1996;161:442-447. 

9. Sharp TW, Yip R, Malone JD. US military forces and emergency international humanitarian assistance: obser¬ 
vations and recommendations from three recent missions. JAMA. 1994;272:386-390. 

10. Sharp TW, Malone JD, Bouchard JF. Humanitarian assistance from the sea. Proceedings of the U.S. Naval Insti¬ 
tute. 1995;121:70-75. 

11. Gaydos JC, Luz GA. Military participation in emergency humanitarian assistance. Disasters. 1994;18:48-57. 

12. United Nations High Commissioner for Refugees. A UNHCR Handbook for the Military on Humanitarian Opera¬ 
tions. Geneva: UNHCR; 1994. 

13. Perrin P. Handbook on War and Public Health. Geneva: International Committee of the Red Cross; 1996. 

14. Centers for Disease Control and Prevention. Famine-affected, refugee, and displaced populations: recommen¬ 
dations for public health issues. MMWR. 1992;41(RR-13). 

15. Medicins sans Frontieres. Refugee Health: An Approach to Emergency Situations. London: MacMillan; 1997. 


1332 


Complex Emergencies 


16. United Nations Children's Fund. Children in War: A Guide to the Provision of Services. New York: Oxford Univer¬ 
sity Press; 1992. 

17. United Nations High Commissioner for Refugees. Handbook for Emergencies. Geneva: UNHCR; 1982. 

18. Sandler RH, Jones TC, eds. Medical Care of Refugees. New York: Oxford University Press; 1987. 

19. Desenclos JC, ed. Clinical Guidelines, Diagnostic and Treatment Manual. Paris: Medicins sans Frontieres; 1990. 

20. Office of Foreign Disaster Assistance. Field Operations Guide for Disaster Assessment and Response. Version 2.0. 
Washington, DC: US Agency for International Development; 1994. (Also available on the Internet, see Table 
43-1), Various Sources of Background Data and Information on Disasters, Conflict, and Complex Emergencies. 

21. Lillibridge SR, Sharp TW. Public health issues in disasters. In: Last JM, Wallace RB, eds. Maxcy-Rosenau-Last 
Public Health and Preventive Medicine. 14th ed. Norwalk, Conn: Appleton and Lange; 1997: 1171-1175. 

22. Joint Task Force Commanders Handbook for Peace Operations. Ft. Monroe, Va: Joint Warfighting Center; 1995. 

23. Expeditionary Forces Conducting Humanitarian Assistance Missions. Norfolk, Va: Surface Warfare Development 
Group; 1995. Fleet Marine Force Operational Handbook OH 1-24. 

24. Multi-service Procedures for Foreign Humanitarian Assistance Operations. Langley Field, Va: US Atlantic Com¬ 
mand Air-Land-Sea Application Center; 1994. 

25. Lamon KP. Training and Education Requirements for Humanitarian Assistance Operations. Alexandria, Va: Center 
for Naval Analysis; 1996. 

26. Dworken JT. Military Relations with Humanitarian Relief Organizations: Observations from Restore Hope. Alexan¬ 
dria, Va: Center for Naval Analysis; 1993. 

27. Seaman J. Disaster epidemiology: or why most international disaster relief is ineffective. Injury. 1990;21(1 ):5—8. 

28. Noji EK. Disaster epidemiology. Emerg Med Clin North Am. 1996;14:289-300. 

29. Armenian HK. In wartime: options for epidemiology. Am J Epidemiol. 1986;124:28-32. 

30. Armenian HK. Perceptions from epidemiologic research in an endemic war. Soc Sci Med. 1989;28:643-647. 

31. Weinberg J, Simmonds S. Public health, epidemiology and war. Soc Sci Med. 1995;40:1663-1669. 

32. Gregg MB. Communicating epidemiologic findings. In: Gregg MB, ed. Field Epidemiology. New York: Oxford 
University Press; 1996: 130-151. 

33. Central Intelligence Agency. World Factbook 1996. Washington, DC: CIA, Office of Public and Agency Informa¬ 
tion; 1996. (Also available on the Internet, see Table 43-1), Various Sources of Background Data and Informa¬ 
tion on Disasters, Conflict, and Complex Emergencies. 

34. Armed Forces Medical Intelligence Command. Medical Environmental Disease Intelligence and Countermeasures. 
Fort Detrick, Md: AFMIC; 1996. CD-ROM disk. 

35. Defense Intelligence Agency. Bosnia Country Handbook. Washington, DC: DIA; 1996. 

36. Toole MJ. The rapid assessment of health problems in refugee and displaced populations. Med Global Surveil¬ 
lance. 1994;1:200-20 7. 

37. Lillibridge SR, Noji EK, Burkle FM Jr. Disaster assessment: the emergency health evaluation of a population 
affected by a disaster. Ann Emerg Med. 1993;22:1715-1720. 


1333 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


38. Tailhades M, Toole MJ. Disasters: what are the needs? How can they be assessed? Trop Doct. 1991;21(suppl 
1): 18-23. 

39. Glass RI, Cates W Jr, Nieburg PN, et al. Rapid assessment of health status and preventive-medicine needs of 
newly arrived Kampuchean refugees, Se Kaeo, Thailand. Lancet. 1980;1:868-872. 

40. Centers for Disease Control. Public health consequences of acute displacement of Iraqi citizens—March-May 
1991. MMWR. 1991;40:443-447. 

41. Smith CR. Angels from the Sea: Relief Operations in Bangladesh, 1991. Washington, DC: History and Museums 
Division, Headquarters, US Marine Corps; 1995: 9-27. 

42. Yip R, Sharp TW. Acute malnutrition and high childhood mortality related to diarrhea. JAMA. 1993;270:587-590. 

43. Gessner BD. Mortality rates, causes of death, and health status among displaced and resident populations of 
Kabul, Afghanistan. JAMA. 1994;272:383-385. 

44. Sharp TW, DeFraites RF, Thornton SA, Burans JP, Wallace MR. Illness in journalists and relief workers during 
international relief efforts in Somalia, 1992-93. J Travel Med. 1995;2:70-76. 

45. Sharp TW, Thornton SA, Wallace MR, et al. Diarrheal disease among military personnel during Operation 
Restore Hope, Somalia, 1992-1993. Am J Trop Med Hyg. 1995;52:188-193. 

46. Wallace MR, Sharp TW, Smoak B, et al. Malaria among U.S. troops in Somalia. Am J Med. 1996;100:49-55. 

47. Burans JP, Sharp TW, Wallace M, Longer CP, Hyams KC. The threat of hepatitis E virus in Somalia during 
Operation Restore Hope. Clin Infect Dis. 1994;18:80-83. 

48. Marfin AA, Moore J, Collins C, et al. Infectious disease surveillance during emergency relief to Bhutanese 
refugees in Nepal. JAMA. 1994;272:377-381. 

49. Coma Epidemiology Group. Public health impact of Rwandan refugee crisis: what happened in Coma, Zaire, 
in July, 1994? Lancet. 1995;345(8946):339-344. 

50. Arbelot A, ed. Nutrition Guidelines. Paris: Medicins sans Frontieres; 1995. 

51. Epi Info. Version 6.0. Atlanta: Centers for Disease Control and Prevention; 1995. 

52. Boss LP, Toole MJ, Yip R. Assessments of mortality, morbidity, and nutritional status in Somalia during the 
1991-1992 famine: recommendations for standardization of methods. JAMA. 1994;272:371-376. 

53. Garfield RM, Neugut Al. Epidemiologic analysis of warfare, a historical review. JAMA. 1991;266:688-692. 

54. Fitzsimmons DW, Whiteside AW. Conflict, War, and Public Health. London: Research Institute for the Study of 
Conflict and Terrorism; 1994. Conflict Study 276. 

55. Leaning J. When the system doesn't work: Somalia 1992. In: Cahill KM, ed. A Framework for Survival: Health, 
Human Rights, and Humanitarian Assistance in Conflicts and Disasters. New York: HarperCollins; 1993:103-120. 

56. Mann J, Drucker E, Terantola D, McCabe MP. Bosnia: the war against public health. Med Global Survival. 
1994;1:130-146. 

57. Moore PS, Marfin AA, Quenemoen LE, et al. Mortality rates in displaced and resident populations of central 
Somalia during the 1992 famine. Lancet. 1993;341:935-938. 

58. Manoncourt S, Doppler B, Enten F, et al. Public health consequences of the civil war in Somalia, April 1992. 
Lancet. 1992;340:176-177. 


1334 


Complex Emergencies 


59. Coupland RM, Parker PJ, Gray RC. Triage of war wounded: the experience of the International Committee of 
the Red Cross. Injury. 1992;23:507-510. 

60. Toole MJ, Galson S, Brady W. Are war and public health compatible? Lancet. 1993;341:1193-1196. 

61. Flanagin A. Somalia's death toll underlines challenges in post-cold war world. JAMA. 1992;268:1985-1987. 

62. Shawcross W. The Quality of Mercy. New York: Simon and Schuster; 1984. 

63. Strada G. The horror of land mines. Sci Am. 1996;274:40-45. 

64. Coupland RC. Epidemiologic approach to surgical management of the casualties of war. BMJ. 1994;308:1693-1697. 

65. Perrin P. Strategy for medical assistance in disaster situations. Inti Rev Red Cross. 1991;284:494-504. 

66. Toole MJ, Waldman RJ. Prevention of excess mortality in refugee and displaced populations in developing 
countries. JAMA. 1990;263:3296-3302. 

67. Toole MJ. Communicable diseases and disease control. In: Noji E, ed. The Public Health Consequences of Disas¬ 
ters. New York: Oxford University Press; 1996: 80-100. 

68. Toole MJ. Communicable disease epidemiology following disasters. Ann Emerg Med. 1992;21:418-420. 

69. Howard MJ, Brillman JC, Burkle FM Jr. Infectious disease emergencies in disasters. Emerg Med Clin North Am. 
1996;14:413-428. 

70. Aghababian RV, Teuscher J. Infectious diseases following major disasters. Ann Emerg Med. 1992;21:362-367. 

71. Shears P. Epidemiology and infection in famine and disasters. Epidemiol Infect. 1991;107:241-251. 

72. Toole MJ. Micronutrient deficiencies in refugees. Lancet. 1992;339:1214-1216. 

73. Yip R. Famine. In: Noji E, ed. The Public Health Consequences of Disasters. New York: Oxford University Press; 
1997: 305-335. 

74. World Health Organization. The Potential Role of New Cholera Vaccines in the Prevention and Control of Cholera 
Outbreaks during Acute Emergencies: Report of a Meeting, 13-14 Feb 1995. Geneva: WHO; 1995: 3-5. 

75. Toole MJ, Steketee RW, Waldman RJ, Nieburg PI. Measles prevention and control in emergency settings. Bull 
World Health Organ. 1989;67:381-386. 

76. Nieburg P, Waldman RJ, Leavell R, Sommer A, DeMaeyer EM. Vitamin A supplementation for refugees and 
famine victims. Bull World Health Organ. 1988;66:689-697. 

77. Byrd T. Disaster medicine: toward a more rational approach. Mil Med. 1980;145:270-273. 

78. Centers for Disease Control and Prevention. Health status of displaced persons following civil war—Burundi, 
December 1993-January 1994. MMWR. 1994;43:701-703. Published erratum: MMWR. 1995;44:654. 

79. World Health Organization. Treatment and Prevention of Acute Diarrhea: Practical Guidelines. 2 nd ed. Geneva: WHO; 1989. 

80. World Health Organization. Guidelines for Cholera Control. Geneva: WHO; 1992. 

81. Pan American Health Organization. Environmental Health Management after Natural Disasters. Washington, DC: 
PAHO; 1982: 3-8. Scientific Publication 432. 

82. Pan American Health Organization. Emergency Vector Control after Natural Disasters. Washington, DC: PAHO; 
1982: 8-18. Scientific Publication 419. 


1335 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


83. Cairncross S, Feachem R, eds. Environmental Health Engineering in the Tropics. 2 nd ed. New York: John Wiley and 
Sons; 1993: 111-147. 

84. World Health Organization. Guidelines for Drinking Water Quality. 2nd ed. Geneva: WHO; 1993: 131-142. 

85. Whyte A. Guidelines for Planning Community Participation Activities in Water Supply and Sanitation Projects. Geneva: 
World Health Organization; 1986. 

86. World Health Organization. Health Principles of Housing. Geneva: WHO; 1989. 

87. Rivers JPW. The nutritional biology of famine. In: Harrison GA, ed. Famine. London: Oxford Scientific Publica¬ 
tions, 1988: 87-95. 

88. Hansch S. How Many People Die of Starvation in Humanitarian Emergencies? Washington, DC: Refugee Policy 
Group; 1995: 9-16. Working paper. 

89. World Health Organization. Clinical management of acute respiratory infections in children. Bull World Health 
Organ. 1981;59:707-716. 

90. World Health Organization. The New Emergency Health Kit. Geneva: WHO; 1993: 1-43. 

91. Coultrip R. Medical aspects of U.S. disaster relief. Mil Med. 1974;139:879-883. 

92. Yeskey KS, Llewellyn CH, Vayer JS. Operational medicine in disasters. Emergency Med Clin North Am. 1996;14:429-438. 

93. US Department of the Army. Enemy Prisoners of War, Civilian Internees, Retained Personnel, and Other Detainees. 
Washington, DC: DA; 1996. Army Regulation 190-8. 

94. International Committee of the Red Cross. The Geneva Conventions of 12 August 1949. Geneva: ICRC; 1995. 

95. International Committee of the Red Cross. Protocols Additional to the Geneva Conventions of 12 August 1949. 
Geneva: ICRC; 1977. 

96. International Committee of the Red Cross. International Humanitarian Law. Geneva: ICRC; 1993. 

97. Vollmar LC. Development of the laws of war as they pertain to medical units and their personnel. Mil Med. 
1992;157:231-235. 


1336 


Chapter 44 

PUBLIC HEALTH PERSPECTIVES 
RELATED TO TECHNOLOGICAL 
DISASTERS AND TERRORISM 

SCOTT R. LILLIBRIDGE, MD and RICHARD J. BRENNAN, MBBS, MPH 


INTRODUCTION 

RISK FACTORS FOR TECHNOLOGICAL DISASTERS 

PLANNING FOR TECHNOLOGICAL DISASTERS IN A CIVILIAN 
ENVIRONMENT 

ASSESSMENTS OF PUBLIC HEALTH AFTER A TECHNOLOGICAL DISASTER 
Obtaining an Accurate History 

Determining Appropriate Levels of Personal Protective Equipment 

Assessing Clinical Presentations 

Laboratory Evaluation of the Affected Population 

Laboratory Evaluation of the Environment 

Analyzing Data 

SURVEILLANCE 

EPIDEMIOLOGIC STUDIES 

PUBLIC HEALTH RESPONSE TO TERRORISM 

SUMMARY 


1337 



Military Preventive Medicine: Mobilization and Deployment, Volume 2 


S.R. Lillibridge, Director, Center for Biosecurity and Public Health Preparedness, University of Texas Health Science Center at Houston 
School of Public Health, PO Box 20186, Houston, TX 77225; Formerly, Office of Global Health, Centers for Disease Control and Prevention, 
Atlanta, Georgia 

R.J. Brennan, Director, Health Unit, International Rescue Committee, 122 East 42nd Street, New York, NY 10168, (212) 551-3019; Formerly, 
Visiting Scientist, National Center for Environmental Health, Centers for Disease Control and Prevention, Atlanta, Georgia 


1338 


Public Health Perspectives Related to Technological Disasters and Terrorism 


INTRODUCTION 


Disasters are catastrophic events characterized 
by urgent requirements for relief resources, techni¬ 
cal expertise, and other vital services to assist the 
stricken population. 1 The public health demands as¬ 
sociated with disaster response usually focus on the 
emergency needs of large populations. 2 Technologi¬ 
cal disasters are events that result from the unex¬ 
pected release of hazardous materials, including 
fuels, chemicals, explosives, nuclear materials, and 
biological pathogens, during their manufacture, 
storage, transportation, or distribution. Technologi¬ 
cal disasters may be characterized by explosions, 
fires, chemical contamination, toxic plumes, radia¬ 
tion exposure, or infectious disease outbreaks. 3,4 
(Table 44-1) Many segments of a community's vital 
infrastructure, such as transportation routes, com¬ 
munications, and water systems, can be affected. 
The frequency of such disasters is increasing, par¬ 
ticularly as societies with limited experience in oc¬ 
cupational safety and emergency medical systems 
rapidly industrialize. 5,6 

Adverse health effects associated with techno¬ 
logical disasters include thermal burns, inhalation 
injury, blast injury, psychological trauma, and ill¬ 
ness and injury due to contamination with chemi¬ 


cal, radiological, or biological agents. 4,7-9 Long-term 
environmental considerations following technologi¬ 
cal disasters may include contamination of surface 
water, the water table, the soil, and the food 
chain. 4,10,11 The resulting biological effects from such 
environmental exposures may not be apparent until 
years later, when members of the exposed popula¬ 
tion present with subtle impairments of the nervous 
system or immune system. 12-15 

Terrorism has been defined as the use or threat 
of violence to sow panic in a society, to weaken or 
overthrow its leaders, and to bring about political 
change. 16 Although the common forms of terrorist 
acts, such as bombings, assassinations, and hostage 
taking, have important political and security impli¬ 
cations for a nation, the public health impact of 
these incidents is usually minimal. They are not 
covered in this chapter. Unfortunately, new, more 
lethal technologies have made it possible for terror¬ 
ists to target larger segments of the population. 17-19 
Some authors have used the term weapons of mass 
destruction to convey the public health impact from 
chemical, biological, or nuclear weapons designed 
specifically for the purpose of attacking populations. 20 

From the public health perspective, acts of terrorism 


TABLE 44-1 

A FEW EXAMPLES OF MAJOR INDUSTRIAL DISASTERS 


Date 

Place 

Event 

Result 

9/21/1921 

Oppau, Germany 

Explosion at a nitrate manufacturing plant 
destroyed plant and nearby village 

561 deaths; > 1,500 persons 
injured 

4/16/1947 

Texas City, Texas 

Explosion in freighter being loaded with 
ammonium nitrate 

561 deaths; much of city 
destroyed 

7/28/1948 

Ludwigshafen, Federal 
Democratic Republic 
of Germany 

Vapor explosion from dimethyl ether 

209 deaths 

7/10/1976 

Seveso, Italy 

Chemical reactor explosion released 
2,3,7,8-TCDD 

100,000 animals killed; 760 
people evacuated; 4,450 
acres contaminated 

2/25/1984 

Cubatao, Sao Paulo, 
Brazil 

Gasoline leak from a pipeline exploded and 
burned nearby shanty town 

> 500 deaths 

11/19/1984 

San Juan Ixtaheupec, 
Mexico City, Mexico 

5,000,000 L of liquefied butane exploded at 
a storage facility 

> 400 deaths; 7,231 persons 
injured; 700,000 evacuated 

12/03/1984 

Bhopal, India 

Release of methyl isocyanate from pesticide 
plant 

> 2,000 deaths; 100,000 
persons injured 


Reprinted from: Centers for Disease Control. The Public Health Consequences of Disasters 1989. Atlanta, Ga: US Dept of Health and 
Human Services, Public Health Service, CDC; 1989. 
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with such agents may be considered "intentional" 
technological disasters. But whether a disaster re¬ 
sults from the accidental disruption of an industrial 
process or from a calculated terrorist act involving 
weapons of mass destruction, many of the same 
emergency public health skills will be required for 
successful response for the stricken population. 21 A 
multidisciplinary approach that includes profes¬ 
sionals such as toxicologists, chemists, microbiolo¬ 
gists, laboratorians, industrial hygienists, health 
physicists, physicians, and epidemiologists will 
generally be required to mount an effective response 


to such hazards. This chapter reviews the public 
health management of technological disasters, fo¬ 
cusing on civilian population needs rather than on 
those of military personnel, although military per¬ 
sonnel are often involved in addressing public 
health and medical contingencies in civilian popu¬ 
lations. Chemical, biological, and radiological war¬ 
fare and the appropriate medical countermeasures 
involving military personnel are covered in Chap¬ 
ters 27, Chemical Warfare Agents; 28, Biological 
Warfare Defense; and 29, Medical Response to In¬ 
jury from Ionizing Radiation. 


RISK FACTORS FOR TECHNOLOGICAL DISASTERS 


In civilian populations, people from lower socio¬ 
economic levels may be at greater risk from tech¬ 
nological disasters because of their more limited 
access to emergency services and because of the fre¬ 
quency with which hazardous industrial sites are 
located near low-income residential areas. 22,23 The 
lack of effective urban zoning regulations and en¬ 
forcement policies designed to maintain geographic 
separation between residential communities and 
industrial sites contributes to this problem. 24 Devel¬ 
oping countries are at particular risk for techno¬ 


logical disasters. This is largely due to industrial 
safety problems, including the inability to ensure 
the proper use of new technology, the underdevel¬ 
opment of occupational health and the general pub¬ 
lic health infrastructure, the lack of prehospital 
emergency medical services, and, in some cases, 
civil unrest. 25 Nonmedical occupational groups at 
risk during the emergency response to technological 
disasters include plant workers, emergency respond¬ 
ers, media representatives, and law enforcement 
officials. 


PLANNING LOR TECHNOLOGICAL DISASTERS IN A CIVILIAN ENVIRONMENT 


One of history's worst technological disasters 
involved a nighttime chemical release in the city of 
Bhopal, India, on 3 December 1984. The toxic agent 
was methyl isocyanate (MIC) vapor, which was 
vented into the atmosphere because of a combina¬ 
tion of operator error and malfunctioning safety 
systems within a local chemical plant. 6 MIC is an 
intermediate product in the manufacture of carbam¬ 
ate pesticides. The toxic plume of MIC covered an 
area of 40 km 2 and extended 8 km beyond the fac¬ 
tory. 26 Because proper warning and evacuation 
guidance were delayed, many victims first became 
aware of the disaster as they were overcome by 
MIC. More than 2,500 people in the adjacent com¬ 
munity may have died, and 200,000 people were 
affected by the chemical release. 8,27 Thousands of 
victims sought urgent medical assistance, over¬ 
whelming local medical services. 

The magnitude of the Bhopal disaster exposed a 
number of vulnerabilities associated with the release 
of a hazardous agent within a minimally prepared 
civilian population. In particular, basic disaster 
management strategies, such as informing the com¬ 
munity of the types and quantities of the chemicals 
stored on the site and ensuring the emergency no¬ 


tification of the nearby population, were incom¬ 
plete. 8,26 Consequently, many medical personnel and 
public health officials were unaware of the appro¬ 
priate treatment options during the initial phase of 
the emergency response. In addition, poor initial 
documentation of patients' clinical status, inad¬ 
equate laboratory sampling, and incomplete epide¬ 
miologic studies further limited longer-term relief 
initiatives and exposure studies. 27,28 Unfortunately, 
such deficiencies in emergency response activities 
for technological disasters are widespread in both 
developed and less-developed countries. 21 

An effective response to disasters such as Bhopal 
requires the development of a comprehensive and 
effective local strategy to manage the risk of disas¬ 
ters. It is a collaborative process that requires co¬ 
operation between government agencies, private 
organizations, and the community. Key objectives 
of disaster planning include the clarification of the 
capabilities, roles, and responsibilities of the agen¬ 
cies involved and the strengthening of emergency 
networks. Public health response considerations 
should be incorporated into local, regional, state, 
and national disaster plans to ensure the health of 
populations at risk. For technological disasters, such 
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considerations will include rapid assessment, com¬ 
munity notification, mass decontamination, mass 
vaccination or other medical management, evacua¬ 
tion procedures, and public health surveillance. 
Disaster plans, including the public health compo¬ 
nents, should be tested regularly in exercises to 
evaluate their effectiveness, train personnel, and 
improve the overall emergency response. Activities 
to assess and mitigate local risks should be integrated 
into a program of ongoing disaster management. 

During domestic disasters, the US military pro¬ 
vides important support as part of the National 
Disaster Medical System (see Chapter 46, Domes¬ 
tic Disaster Response: FEMA and Other Govern¬ 
mental Organizations). 29 The United States has a 
well-developed Federal Disaster Response Plan, in 
which public health professionals play a key role. 
This system is supported by the involvement of 26 
federal agencies, including the Department of De¬ 
fense, the Department of Veterans Affairs, the Fed¬ 
eral Emergency Management Agency, and the De¬ 
partment of Health and Human Services. Unfortu¬ 
nately, many developing countries lack these re¬ 
sources for national disaster response. Within the 
United Nations system, a number of agencies and 
organizations may be able to assist such countries 
following a technological disaster by providing im¬ 
portant technical information and services. Some 
of these agencies are listed in Exhibit 44-1. Military 
medical officers may need to coordinate relief op¬ 
erations with these organizations within contin¬ 
gency situations involving civilian populations. 

As part of their responsibility to protect popula¬ 
tions from the effects of industrial disasters, public 
health professionals should facilitate communica¬ 
tion between local clinical services (eg, hospitals, 

ASSESSMENTS OF PUBLIC HEALTH 

Following the release of a chemical or radiologi¬ 
cal agent, the adverse health effects associated with 
that agent may appear rapidly within the popula¬ 
tion, focusing early attention by health authorities 
on the task of identifying the responsible toxin or 
toxins. Public health mitigation procedures, such as 
evacuation, sheltering in place, and decontamina¬ 
tion, can often be initiated quickly, in some cases 
even without precise knowledge of the hazard. The 
health effects of other technological disasters, how¬ 
ever, may present more insidiously. For example, 
an infectious disease outbreak secondary to the ac¬ 
cidental or deliberate release of a biological agent 
may be detected only after an unusual infection or 
clinical presentation has been diagnosed by a phy- 


EXHIBIT 44-1 

UNITED NATIONS ORGANIZATIONS 
OR PROGRAMS THAT MAY PROVIDE 
ASSISTANCE FOLLOWING 
TECHNOLOGICAL DISASTERS 


Food and Agricultural Organization 
Industrial Development Organization 
International Labour Organization 
International Programme for Chemical Safety 
United Nations Environment Programme 
World Health Organization 
World Meteorological Organization 


ambulance services), occupational health profes¬ 
sionals at the industrial site, and members of the 
surrounding community. 30 Other technological di¬ 
saster mitigation activities for public health officials 
and preventive medicine officers may include the 
following: (a) establishing warning systems to alert 
nearby communities of a toxic agent release, ( b ) 
determining minimal threshold concentrations of 
toxic chemicals, biological agents, or radiation that 
would require the community to evacuate in the 
event of a release, (c) coordinating evacuation activi¬ 
ties following a hazardous release, ( d ) coordinating 
medical care and appropriate referral destinations 
for patients exposed to hazardous materials, and 
(e) ensuring the appropriate collection and labora¬ 
tory analysis of specimens. 6,8 

AFTER A TECHNOLOGICAL DISASTER 

sician or identified by routine surveillance activi¬ 
ties or an epidemiologic investigation. 4,31 

At other times, it may be unclear if a disease out¬ 
break is due to a chemical or a biological agent. For 
example, a 1996 disease outbreak in Haiti charac¬ 
terized by fever and renal failure in children was 
initially believed to be caused by an infectious 
agent. 32 However, the cause of these deaths was ul¬ 
timately determined to be poisoning by di-ethyl- 
ene glycol-contaminated paracetamol, which had 
been used to control fever in children. 33 The final 
diagnosis and subsequent public health interven¬ 
tions may have been delayed because of the lack of 
consideration of a toxic agent. The important lesson 
learned was the need to consider from the outset 
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the possibility that a chemical or other toxic agent 
may be responsible for any unusual epidemic. Pub¬ 
lic health personnel use assessment tools to evalu¬ 
ate the situation and gain the knowledge they will 
need to make appropriate decisions. 

In an emergency, public health assessments of the 
affected population are used to determine the na¬ 
ture and magnitude of the emergency, the extent or 
risk of injury to the population, the availability of 
local resources, and the need for external resources 
to mitigate the adverse health effects. Several meth¬ 
ods of data collection are used during the rapid as¬ 
sessment, including a review of data available 
through local and government sources, a visual in¬ 
spection of the affected area, interviews with key 
informants, and, occasionally, rapid surveys. Re¬ 
sults of a well-conducted rapid assessment can be 
used to formulate public health recommendations 
and to determine appropriate patient care, such as 
evacuation, mass decontamination, and administra¬ 
tion of antidotes. Established epidemiologic meth¬ 
ods used to investigate public health emergencies 
in a community can be adapted to provide rapid 
assessment of populations exposed to nuclear, 
chemical, and biological agents. 34,35 Key operational 
assessment issues follow. 

Obtaining an Accurate History 

During the emergency response to a population 
affected by a technological disaster, the need to rap¬ 
idly obtain an accurate history of the unfolding dis¬ 
aster cannot be overemphasized. This information 
should include a review of the type of agent or 
agents released; clinical presentations; existing labo¬ 
ratory data (eg, human, animal, environmental); 
and how chemical, biological, or radiological agents 
were detected or confirmed in the community. 
These data assist greatly in quickly determining the 
need for emergency public health interventions, 
such as evacuation, sheltering in place, pharmaco¬ 
logical prophylaxis, or treatment. Often, a basic es¬ 
timate, such as the number of people killed or ill, is 
sufficient basis on which public health officials 
can estimate the magnitude of the event, organize 
the initial assessments, and determine emergency 
response options. This information may also alert 
responders of the need to deploy specialized 
laboratory equipment and technical teams and to 
coordinate the transfer of hazardous samples to ref¬ 
erence laboratories. After the initial assessment, 
regular surveillance measures should be instituted 
and are discussed later in this chapter. 


Determining Appropriate Levels of Personal 
Protective Equipment 

Regardless of the cause of the disaster, respond¬ 
ers working in a contaminated area, or "hot zone," 
will require personal protective equipment to pro¬ 
tect their skin, eyes, and airways. In most devel¬ 
oped countries, occupational guidelines exist to 
protect workers in stable workplaces from environ¬ 
mental and infectious exposures. When faced with 
a rapidly unfolding emergency caused by an un¬ 
known chemical, biological, or radiological hazard, 
it is necessary to ensure that responders have the 
appropriate protective equipment and training. 36 
Limitations of physical performance and sensory 
input due to this equipment can be extreme and 
require consideration during the planning and co¬ 
ordination process of any assessment mission. 
Emergency personnel required to wear protection 
equipment may also be at risk of certain physical 
and psychological stresses, including dehydration, 
heat exhaustion, and claustrophobia. 

Assessing Clinical Presentations 

Some clinical syndromes associated with human 
exposure to certain biological, chemical, and radio¬ 
logical agents may suggest a specific etiology long 
before confirmatory laboratory tests are completed. 
A case definition describing the key clinical and 
other diagnostic features of an environmental ill¬ 
ness or injury should be established early. It may 
be modified later as more information becomes 
available. Confirming an increase in the incidence 
or prevalence or both of a disease or environmen¬ 
tal illness may be problematic without baseline 
public health surveillance information. Some events 
(eg, an outbreak of pulmonary anthrax, or a case of 
smallpox) are so unusual, however, as to over¬ 
whelmingly suggest the presence of a nonnatural 
event, such as biological terrorism. 

Laboratory Evaluation of the Affected 
Population 

Biological specimens from victims (eg, blood, 
hair, urine, skin) may be required to determine the 
type of environmental exposure. Portable monitor¬ 
ing and analytical instruments may assist with the 
identification and quantification of human exposure 
from environmental hazards under field conditions. 
Coordination of the safe and efficient transfer of 
human samples from the field to appropriate refer- 
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ence laboratories is a key component of the emer¬ 
gency response activities following a technological 
disaster. This may require cold chain technology to 
maintain refrigeration or consideration of chain 
of custody issues as part of an ongoing criminal 
investigation. 

Laboratory Evaluation of the Environment 

Specimens of air, water, soil, and munitions 
should be taken for laboratory analysis. In addition 
to the identity of the agent, the following informa¬ 
tion will be important for the public health assess¬ 
ment and response: the quantity of the agent 
released, the method of its release, the time and 
location of its release, whether the release is con¬ 
tinuing, the prevailing weather conditions, and 
the location of citizens at risk. 37 In the setting of a 
chemical, infectious, or nuclear plume, such infor¬ 
mation can be combined with information from 
other databases (eg, regional maps, population 
census) to provide a computer model of the likely 
path of the plume and an estimate of the popula¬ 
tion at risk. 38 


Public health surveillance has been described as 
the ongoing, systematic collection, analysis, and in¬ 
terpretation of important health data. 39 In general, 
these data are used in planning, implementing, and 
evaluating public health programs. Following a 
technological disaster, however, surveillance data 
can be used to estimate the magnitude of adverse 
health outcomes, identify groups at increased risk 
of adverse outcomes, detect epidemics or smaller 
outbreaks, evaluate public health interventions, and 
identify research needs. 40 

Surveillance activities usually begin as soon as 
immediate life-threatening conditions (eg, fire, ex¬ 
plosions, chemical spills, plumes) are controlled and 
after contaminated patients have received appro¬ 
priate emergency care. 41 In an infectious disease 
emergency, increased surveillance may be a com¬ 
ponent of the initial operational public health re¬ 
sponse to the epidemic. Appropriate surveillance 
following a technological disaster requires active 
pursuit of important public health information, such 
as the collection of clinical data from workers, emer¬ 
gency responders, and community members; the 
abstraction of information from treatment facilities; 
the evaluation of medical examiner reports for 
cause-of-death information; and a review of labora¬ 


Analyzing Data 

Data collected from field investigations should 
be rapidly analyzed to provide information on af¬ 
fected persons and the characteristics of their ill¬ 
nesses. Clinical and laboratory data may be used 
to refine case definitions further. Information re¬ 
lated to the timing of the onset of illness helps in¬ 
vestigators detect trends in incidence or prevalence 
rates. In dealing with the exposure of the popula¬ 
tion to an unidentified environmental or infectious 
agent, it may be useful to plot epidemic curves, to 
compare attack rates in cases and controls, or to 
represent cases graphically on maps. The informa¬ 
tion derived from these exercises may help deter¬ 
mine a possible etiological agent, other risk factors 
for the illness, the source of exposure, and the 
mechanism of exposure. Timely and accurate analy¬ 
sis of the data may help in the rapid development 
of rational public health and clinical recommenda¬ 
tions. Regular surveillance should be instituted as 
soon as possible to provide reliable information 
about the changing situation and the effectiveness 
of interventions. 


tory results from clinical and technical facilities. 42 ^ 14 
Surveillance tasks for health officers also include 
the institution of disease and injury registries to 
follow exposed individuals for the appearance of 
illness or injury over time. Such registries facilitate 
the recognition of adverse health effects within an 
exposed population and will suggest directions for 
long-term population-based studies. 45 For example, 
victims exposed to radiation may require follow¬ 
up for many years to detect complications such as 
thyroid cancer. 46,47 Individuals from populations 
sustaining chemical exposures may not present with 
clinical illness for many years. Table 44-2 lists a 
number of chemicals that have known late-present¬ 
ing health effects. 48 In addition to medical illness, 
psychological complications such as post-traumatic 
stress disorder, depression, anxiety, somatization, 
and alcohol abuse have been documented follow¬ 
ing technological disasters. 8,22,49 Mental health sur¬ 
veillance and outreach programs may be useful in 
identifying psychological trauma among survivors 
of and emergency responders to technological disas¬ 
ters. 49 As the situation unfolds and more surveillance 
data become available, more extensive epidemiologic 
studies may be undertaken; some of the methods 
commonly used are discussed below. 
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TABLE 44-2 

EXAMPLES OF LONG-TERM MEDICAL CONSEQUENCES AFTER EXPOSURE TO 
SELECTED CHEMICALS 


Category 

Example 

Agent 

Carcinogenic 

Liver cancer 

Vinyl chloride 

Teratogenic 

Cerebral palsy syndrome 

Organic mercury 

Immunological 

Abnormal lymphocyte function 

Polybrominated biphenyls 

Neurological 

Distal motor neuropathy 

Triorthocresyl phosphate 

Pulmonary 

Parenchymal damage 

Methyl isocyanate 

Hepatic 

Porphyria cutanea tarda 

Hexochlorobenzene 

Dermatological 

Chloracne 

Polychlorinated biphenyls 


Sources: (1) Baxter PJ. Review of major chemical incidents and their medical management. In: Murray V, ed. Major Chemical Disasters— 
Medical Aspects of Management. International Congress and Symposium Series No. 155. London: Royal Society of Medicine Services 
Limited, 1990: 7-20. (2) Douidar SM, Shaver CS, Snodgrass WR. Hepatotoxicity from hazardous chemicals. In: Sullivan JB, Krieger GR, 
eds. Hazardous Materials Toxicology, Clinical Principles of Environmental Health. Baltimore: Williams & Wilkins, 1992: 109-123. (3) Shields 
PG, Whysner JA, Chase KH. Polychlorinated biphenyls and other polyhalogenated aromatic hydrocarbons. In: Sullivan JB, Krieger GR, 
eds. Hazardous Materials Toxicology, Clinical Principles of Environmental Health. Baltimore: Williams & Wilkins, 1992: 748-755. 


EPIDEMIOLOGIC STUDIES 


It is estimated that a complete hazard assessment 
is available for less than 7% of the most widely 
used chemical substances, 48 but well-conducted 
environmental epidemiologic studies can help 
elucidate adverse health effects following exposures. 
Case-control studies are useful when the disease 
or injury is rare. Finding appropriate controls may 
be difficult, though, when years have passed since 
the exposure or when confounding influences, 
such as smoking and increasing age, are present. 
Case series reports are also useful if there is a 
limited number of patients but may not be as rep¬ 
resentative of the effect being studied as better de¬ 
signed studies. In addition, exposure levels may be 
difficult or impossible to estimate in both case-con¬ 
trol and case series studies. Consequently, such 
studies may not present convincing evidence that 
a specific chemical exposure is associated with a 
particular adverse health outcome. Cross-sectional 
studies may provide an estimate of disease preva¬ 
lence, but the incidence of a medical condition 
following an environmental exposure cannot be 
determined. Cohort studies, while limited in their 
value when the adverse health outcome under in¬ 
vestigation is relatively rare, may be extremely 
helpful when focusing on high-risk populations 
such as victims or emergency responders. 50 


One of the major challenges of epidemiologic 
studies following a technological disaster is quan¬ 
tifying levels of exposure within the population and 
the environment. Postdeployment epidemiologic 
investigations of US service members following the 
Persian Gulf War were hampered by the fact that 
investigators were often unable to determine 
preexposure levels of certain toxins or chemicals 
within the deployed populations. In addition, dur¬ 
ing the investigation of "agent smoke," the general 
name given to the byproducts of the burning oil 
wells in Kuwait that may have contributed to ill¬ 
ness among service members, many of the poten¬ 
tially offending chemicals under investigation were 
volatile organic compounds that are rapidly elimi¬ 
nated from the body. Therefore, any blood samples 
used to determine serum levels of these compounds 
would primarily reflect exposure from the preced¬ 
ing day. Exposures at other times may have been 
significantly higher or lower and would not have 
been documented by such a sampling methodology. 51 

The difficulties in establishing accurate exposure 
histories highlight the potential benefit of early in¬ 
volvement of laboratory and epidemiologic services 
with specialized environmental or toxicological ca¬ 
pabilities in protecting service members' health. 
Baseline toxicological exposure information, such 
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as that derived from physical examinations, sero¬ 
logical tests, and mental health screening among 
those deployed to areas where serious environmen¬ 
tal exposures might be encountered, is now being 
collected on a trial basis during selected deploy¬ 
ments. Factors to consider when attempting to 


quantify a person's or population's level of expo¬ 
sure following a technological disaster include the 
onset of exposure, the duration of exposure, the 
route of exposure (eg, inhalation, ingestion, contact 
with the skin), and in some cases the distance from 
the source of the release. 52,53 


PUBLIC HEALTH RESPONSE TO TERRORISM 


Recent events have demonstrated that in addition 
to conventional weapons, terrorists now have access 
to chemical, biological, and, perhaps, radiological 
materials. 17,18,31,54-57 The sarin vapor release on March 
29, 1995, in Tokyo highlighted the insidious nature 
of terrorism in an urban center using a weapon of 
mass destruction capable of harming tens of thou¬ 
sands of citizens. Members of the Aum Shinrikyo 
religious sect coordinated multiple releases of the 
nerve agent within the city's subway system. 17 The 
US medical delegation dispatched to Tokyo from 
the Centers for Disease Control and Prevention 
(CDC) determined that more than 5,000 people were 
affected, 12 of whom ultimately died. 58 Although 
the overall response by the Japanese emergency 
services was commendable, a number of deficiencies 
were recognized. These related to assessment issues, 
the use of personal protective equipment by 
prehospital and hospital personnel, and therapeutic 
strategies. Areas identified as needing better plan¬ 
ning for the mitigation of the health consequences 
of such terrorist chemical releases are listed in Ex¬ 
hibit 44-2. Many of these points parallel those from 
disaster management recommendations for dealing 
with other, more common hazardous materials. 

Consequence management in the health sector 
refers to those activities designed to control and 
mitigate the harmful health effects of terrorism on 
the population. Public health approaches to emer¬ 
gency management, such as evacuation and mass 
vaccination, become increasingly important when 
terrorists use the technology of destruction to 
threaten whole communities. Preparedness for ter¬ 
rorist attacks using weapons of mass destruction 
has become an important focus for both health pro¬ 
fessionals and security forces. 31,55,56 

Operational tasks for preventive medicine officers 
after a chemical, biological, or radiological release in¬ 
clude instituting measures to reduce exposures within 
the population and measures to mitigate the effects 
of known exposures. Measures to reduce exposure 
include the use of a public warning and information 
system to inform the community about the nature of 
the problem and the actions they can take to protect 
themselves (eg, retreat to sealed rooms, evacuate, use 


gas masks). 38,54 Potential means of notifying the pub¬ 
lic include sirens, loud speakers, radio, television, and 
door-to-door home visits. Potential mitigation proce¬ 
dures include mass decontamination, vaccination, 
medical prophylaxis, distribution and use of antidotes, 
and development of medical treatment strategies. 17,18,38 

During some disasters, the deployment of spe¬ 
cialized medical or laboratory teams in operational 
support of civilian populations may be required. 
Although the Ebola hemorrhagic fever outbreak in 
Zaire in 1994 is thought not to have been the result 
of terrorism, the event exposed some of the limitations 
in the civilian medical sector's ability to respond to 
technological disasters involving biological agents. 
Such limitations included difficulties in fielding a 
proper containment laboratory, coordinating medi¬ 
cal logistics, and evacuating relief workers who 
contract the virus. Interagency cooperation between 
the CDC and components of the Department of 
Defense (eg, the US Army Medical Research Insti¬ 
tute of Infectious Diseases) mitigated some of these 


EXHIBIT 44-2 

IMPORTANT EMERGENCY RESPONSE 
PLANNING ISSUES THAT WERE 
IDENTIFIED FOLLOWING THE SARIN 
VAPOR RELEASE IN TOKYO, 1995 


Chemical agent detection 

Toxicological information dissemination 

Environmental epidemiology 

Personal protective equipment training 

Decontamination procedures training 

Emergency medical services enhancement 

Source: Lillibridge SR. Sarin vapor attack on the Japa¬ 
nese subway system: Report of the US Medical Delega¬ 
tion to Japan. Atlanta: Centers for Disease Control and 
Prevention; April 1995. Trip Report. 
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TABLE 44-3 

ASSESSMENT UNITS COLLOCATED AT THE SCIENCE AND TECHNOLOGY CENTER, 
ATLANTA, GEORGIA, DURING THE 1996 OLYMPICS 


Type of Assessment 

Assessment Unit 

Biological Assessment 

Centers for Disease Control and Prevention 

* 

Environmental Protection Agency 

Food and Drug Administration 

Navy Medical Research Institute 

Chemical Assessment 

Agency for Toxic Substances and Disease Registry 

Centers for Disease Control and Prevention 

■k 

Environmental Protection Agency 

US Army Research and Materiel Command Treaty Verification Laboratory 

US Coast Guard Atlantic Strike Force 

Radiological Assessment 

Centers for Disease Control and Prevention 

* 

Environmental Protection Agency 

Food and Drug Administration 


Selected technical staff, or laboratories, or both 


deficiencies and contributed to successful manage¬ 
ment of the emergency public health issues associ¬ 
ated with the Ebola outbreak. In addition, US mili¬ 
tary health personnel were successfully integrated 
into the World Health Organization and the CDC 
outbreak investigation teams, providing important 
epidemiologic, laboratory, and technical support. 

During the 1996 Olympics in Atlanta, the 
multidisciplinary Science and Technology Cen¬ 
ter was established to manage the public health 
consequences of an act of terrorism involving 
weapons of mass destruction. 59 The Center, which 
was located at the CDC, was charged with coor¬ 
dinating rapid assessment and public guidance 
in the event of a terrorist attack with a nuclear, 
chemical, or biological agent. Multiple federal 
agencies and components of the Department of 
Defense were collocated at the Science and Tech¬ 
nology Center (Table 44-3). Personnel and assets 
from other federal agencies, such as the Depart¬ 
ment of Energy, the US Marine Corps Chemical 
Biological Incident Response Force (CBIRF), the 
US Army Medical Research Institute of Infectious 
Diseases, the US Army Medical Research Insti¬ 


Technological disasters, whether caused by ac¬ 
cidents or terrorism, are becoming increasingly 
common, 5,60 and the environmental or infectious 


tute for Chemical Disease, and the US Army Tech¬ 
nical Escort Unit, were staged throughout Atlanta 
to support the overall federal emergency re¬ 
sponse to a terrorist incident. Coordination of all 
federal assets was organized through the Federal 
Bureau of Investigation as the lead US agency in 
combating terrorism. Military medical personnel 
provided the critical liaison between the civilian 
medical community and the military tactical re¬ 
sponse units that had been deployed in support 
of health consequence management. 

The experience in Atlanta demonstrated that an 
all-hazards approach to rapid assessment involv¬ 
ing chemical, biological, or radiological terrorism 
and to the development of public health recommen¬ 
dations requires significant planning and inter¬ 
agency coordination. Activities that required daily 
review included appropriate collection of samples, 
procedures for alerting the civilian population, ap¬ 
propriate routing of specimens to reference labora¬ 
tories, rapid development of public health advice 
following an event, and development of the method 
by which agencies would report their results to an 
appropriate coordination point of the lead agency. 


consequences of these events may not stop at the 
borders of the nation immediately affected. 47 Urgent 
preventive medicine responsibilities associated 
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with technological disasters include rapidly as¬ 
sessing and quantifying chemical and radiological 
exposure levels and, given the new developments 
related to the potential for biological terrorism, de¬ 
tecting infectious disease outbreaks within the 
population. 4 These investigations may require skills 
from many allied health fields, such as pathology, 
laboratory science, toxicology, and environmental 


and occupational health. No single civilian institu¬ 
tion or military unit offers the range of skills and 
equipment required to mitigate the adverse health 
effects in service members, as well as in civilian 
populations. Recent events have shown that the 
need for organizational collaboration will likely 
increase, if not become indispensable, as new and 
complex technical threats are identified. 
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INTRODUCTION 


The chaos spreading through many countries in 
the developing world has drawn together an un¬ 
usual, sometimes incompatible, assortment of or¬ 
ganizations to respond to these multiplying crises. 
Each year from 1978 to 1985 saw an average of 
five complex humanitarian emergencies, the term 
used in the disaster discipline for these crises (see 
Chapter 43, Complex Emergencies); by contrast, 
there were 17 in 1992, 20 in 1993, and 25 in 1997. 
The increase in these emergencies appears to be one 
of the few clear patterns in the post-Cold War 
world. 

Virtually the entire international emergency re¬ 
sponse system is a post-World War II phenomenon; 
part of it was in its infancy but most of it was not 
even conceived of at the time of the Marshall Plan. 
For those who work in the relief discipline, it seems 
a small miracle that the existing system works as 
well as it does, given the conflicting mandates of 
the responding organizations, the enormous com¬ 
plexity of the problems addressed, and the organi¬ 


zational incongruities that have emerged in the 
years since the United States helped Europe recover 
from World War II. 

This chapter examines the existing humanitarian 
response system—made up of private voluntary 
organizations (PVOs), the International Committee 
of the Red Cross (ICRC), and United Nations (UN) 
agencies—through which the international commu¬ 
nity responds to these emergencies. Understanding 
the cultures and operational habits of this triad of 
organizations and the manner in which each inter¬ 
acts with the others is crucial for anyone who tries 
to work with them but particularly for military 
personnel. A civilian US government agency, the 
Office of Foreign Disaster Assistance (OFDA) in 
the US Agency for International Development 
(USAID), coordinates US responses to foreign di¬ 
sasters and so is another major participant in these 
efforts. Examples of how the US military has fit into 
this complex system are taken from missions in the 
1990s. 


PRIVATE VOLUNTARY ORGANIZATIONS AND THE US MILITARY 


What is known in the United States as a PVO is 
known in Europe and the rest of the world as a non¬ 
governmental organization. A PVO is a private, 
nonprofit organization that specializes in humani¬ 
tarian relief and development work in the Third 
World and, increasingly, in formerly communist 
countries. American PVOs employ more than 
100,000 people in developing countries. In 1996, 
they received $4.8 billion in private revenue and 
$1.4 billion in public revenue from USAID. 1 They 
communicate with the public through newsletters 
and magazines whose aggregate circulation is in the 
millions. 

Most American PVOs, although private by 
charter, accept grants of federal money from the 
USAID. For a PVO to remain eligible to receive 
such grants or food aid, it must by law raise at 
least 20% of its total income from private sources. 
While the proportion of a PVO's income from the 
US government, whether in the form of cash 
grants or food aid, varies according to its corporate 
strategy, some PVOs raise so little private funding 
that they are dangerously close to this 20% limit. 
A few PVOs accept no USAID money so they can 
maintain their distance from the government, 
whose policies they find objectionable. 


The PVO suspicion of US government influence 
extends to the military as well. When President 
Bush ordered US military forces to Kurdistan in 
June 1991, several PVOs, particularly European 
ones, refused to cooperate with them. Kurdistan 
became a seminal experience for American PVOs 
as it showed them that they could work together 
productively with US forces in a humanitarian 
emergency, something that even organizations not 
opposed to close association with the military had 
doubted. 

To paraphrase management expert Chester 
Barnard, the US military and American PVOs are 
unalike in every important way. 2 Indeed, it is diffi¬ 
cult to imagine two more dissimilar cultures. The 
military is highly disciplined, hierarchical, politi¬ 
cally and culturally conservative, and tough; it has 
a mission to defeat the enemy. American PVOs are 
generally independent, resistant to authority, po¬ 
litically and culturally liberal (with the exception 
of some Christian PVOs), and sensitive and under¬ 
standing; they have a mission to save lives. Because 
military missions tend to be explicit and tangible, 
the military sometimes fails to appreciate all the 
subtleties of humanitarian mission statements, 
where objectives can be implicit and intangible. 
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PROFILE OF THE PRIVATE VOLUNTARY ORGANIZATION CULTURE 


Goals and Personnel 

All PVOs have ideologies and missions based, 
to some degree, on each organization's private do¬ 
nor base and institutional history. Many are firmly 
on the ideological left, others are more centrist, still 
others are on the right. PVO comfort levels in work¬ 
ing with the US military decline as one moves from 
right to left on that spectrum. Nearly all PVOs share 
a devotion to the concept of sustainable develop¬ 
ment in any country or region in which they oper¬ 
ate. They share an aversion to quick fixes, which 
they believe military operations tend to emphasize. 
Their own painful experiences through 4 decades 
in the field have taught them that real development 
is a slow, difficult process. One political value all 
PVOs share is a robust internationalism; there are 
no isolationists in these organizations. 

PVOs tend to recruit former Peace Corps workers, 
religiously committed activists in the faith-based 
PVOs, and young people with graduate degrees in 
development economics and public health. Most get 
the bulk of their operational training on the job; 
there are few equivalents to military doctrine or 
field manuals to describe how a particular program 
is to be run. Where PVO doctrine does exist, it is 
developed from generally shared experiences and 
responses, is seldom written down, and is not al¬ 
ways followed uniformly. Field experience in the 
culture of PVOs is comparable to combat experi¬ 
ence in the military: a badge of honor, accorded the 
highest respect. 

Types 

PVOs are a diverse group and may be divided 
into those that attempt to influence public policy 
and remain focused on advocacy work and those 
that manage projects in the field and remain focused 
on operational issues. Most large PVOs do both 
because they have realized that thoughtless or per¬ 
nicious behavior (whether government policy, do¬ 
nor attitudes, or developing country demands) can 
quickly undo generally well-conceived and well- 
implemented community development work. 

Advocacy and operational groups both have 
their weaknesses. PVOs that only advocate tend to 
have a limited understanding of field realities in 
the developing world. They tend to be governed 
by ideological preconceptions rather than pragmatic 
appraisals of what works. PVOs that exclusively op¬ 
erate in the field can go only so far in criticizing 


public policy before their workers and programs are 
threatened by government officials intolerant of 
criticism. 

Some PVOs specialize by sector, such as health, 
education, or economic development. A few do only 
relief work, others only development. Some do 
both, particularly the larger PVOs, such as the three 
largest in the United States: Care, Catholic Relief 
Services, and World Vision. Since the Ethiopian fam¬ 
ine of 1985, a body of scholarship has developed 
suggesting that well-conceived relief work should 
be designed with developmental components and 
that good development work should include disas¬ 
ter prevention and mitigation measures to reduce 
the need for relief in disaster-prone areas. Agricul¬ 
tural development programs in drought-prone ar¬ 
eas, for example, should include drought-resistant 
crop varieties and water conservation measures. 3 

Although most PVOs of US origin employ indig¬ 
enous staff to manage their programs, some remain 
Western in their leadership, culture, and standards. 
In most developing countries, there is an array of in¬ 
digenously organized and managed PVOs that do 
relief and development work, sometimes forming 
partnerships with Western PVOs to meet common 
objectives. While many of these indigenous groups 
run fine programs, some are suspect in their opera¬ 
tional capacity, professionalism, and accountability. 
Their reputation, good or bad, usually precedes them. 

The assumption that Western PVOs can be 
trusted and Third World PVOs cannot is both un¬ 
fair and simplistic. Such an assumption, all too easy 
to make during planning, can endanger a mission 
if it is used to support operational decisions. In So¬ 
malia in the early 1990s, the UN and, before it, the 
United States gave short shrift to Somali PVOs, with 
unfortunate consequences. When the battle was 
joined with General Aideed, Somali PVOs might 
have rallied support for the international presence 
in the country. Instead, the UN received little help 
from the more responsible elements of Somali soci¬ 
ety that were represented by local PVOs. 

Funding Pressures 

The fundraising imperative, which provides insight 
into their sometimes curious behavior, operates to 
some degree in all PVOs. PVOs must communicate 
with the American people, either through electronic 
media or direct mail solicitation, to raise funds. In¬ 
come increases significantly when paid advertise¬ 
ments are combined with coverage of the PVO's 
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work on national television and radio news pro¬ 
grams. The more dramatic and heart-wrenching the 
scenes and reports of disaster in the developing 
world, the more income PVOs can expect from their 
solicitations. As well, the donors to the PVOs ex¬ 
pect to see public recognition of their role in media 
reports of the success of "their" PVO. 

In spite of their nonprofit nature, PVOs need to 
compete—less so than private businesses, perhaps, 
but compete they must. The quality of their field 
programs affects their capacity to win government 
grants, and their public visibility affects their pri¬ 
vate contributions. The interest of PVOs in telling 
their stories to the news media is not so much a case 
of large ego (though that is sometimes there, too) 
as it is of survival. US government personnel who 
take public credit for a response to a complex 
emergency must understand that PVOs find that 
annoying; an organization's financial health can 
be affected by military or other government public 
affairs announcements. Conversely, a carefully tai¬ 
lored series of such announcements, emphasizing 
the teamwork involved in success, would go a long 
way to reassuring many PVOs, their workers, and 
their donors that young Americans, in and out of 
uniform, were together helping those in need. 

Chain of Command 

PVOs have chains of command just as the mili¬ 
tary does; the chains are not as disciplined or ex¬ 
plicit, though, and they inevitably contribute to ten¬ 
sions between the PVO field staff and the central 
staff at headquarters. Differing policy or operational 
concepts within the same PVO usually occur because 
each level in the hierarchy responds to a different 
agenda and a different set of pressures. Headquar¬ 
ters considers donor concerns, budget limitations, 
and the worldwide institutional consequences of a 
given policy. The field staff focus on the human need 
in a particular village, where they struggle daily to 
overcome operational difficulties and chaotic work- 

INTERNATIONAL COMIV 

The ICRC, founded in 1863, is by far the oldest 
humanitarian relief organization. It is also the 
largest such organization, with 6,300 employees 
worldwide and a budget of $608 million in 1993. 5 It 
specializes in conflicts and it and UN Office of the 
High Commissioner for Refugees are the only re¬ 
lief organizations with a mandate under interna¬ 
tional law, a fact which ICRC's managers, called 
delegates, frequently cite. Of all humanitarian in- 


ing conditions so they can alleviate suffering and 
save lives. 

Security Issues 

PVOs will likely already be anywhere in the 
world where a humanitarian crisis exists when US 
or other military forces arrive and will generally be 
there when military forces depart. (Kurdistan in 1991, 
which did not have any PVOs, was an exception to 
this rule.) Military action can create animosity in 
the indigenous population that will eventually af¬ 
fect the PVOs, who have little or no security and so 
are very vulnerable when conflict erupts. The PVOs 
can be perceived at worst as Western or at best as 
foreigners from the same tribe or clan that produced 
the troops. The World Vision headquarters in 
Baidoa, Somalia, was bombed in February 1994 by 
a Somali militia leader annoyed with UN peace¬ 
keepers over an issue unrelated to World Vision 
policies or operations. And in an example of why 
PVOs are suspicious of military efforts, when the 
staff injured in the bombing needed UN peace¬ 
keeper help to get to a medical facility, the help was 
late and hesitant. 

PVOs do not rely on guards (whom they seldom 
employ) or on weapons (which they virtually never 
carry themselves) for their security. They rely on 
two aspects of their culture to keep them safe from 
violence. The first is the importance of the work they 
do for the community. Even after Somalis as a group 
had turned violently against the UN presence in 
Somalia, they continued to request expansion of 
foreign PVO programs in their country. The second 
is their perceived nonpartisanship. Many PVOs find 
it difficult to remain neutral in conflicts that are in¬ 
herently political (eg, the Cambodian or Rwandan 
genocides), but it is essential to their security in such 
conflicts. So when military forces, whether under 
the flag of the UN or the United States, are perceived 
to be supporting one side in a conflict, PVOs are at 
increased risk of violence. 4 

TEE OF THE RED CROSS 

stitutions, it is the most doctrinally developed. It 
has an elaborate system of rules for functioning in 
conflicts, which work well most of the time and 
which its delegates can recite in their sleep. 

While the ICRC is part of the International Red 
Cross movement, it has a tenuous and sometimes 
acrimonious relationship with the International 
Federation of Red Cross and Red Crescent Societ¬ 
ies, the "United Nations" of the Red Cross national 
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offices. The ICRC, the Federation, and the UN agen¬ 
cies described later in this chapter are international 
organizations; they are not PVOs. 

Mission 

The ICRC is the most focused international aid 
organization, using its authority under the Geneva 
Conventions to gain access to the vulnerable in con¬ 
flicts where other relief agencies have difficulty. It 
does no development work—a strength in that its 
mission is clearly focused and a weakness in that it 
does not address root causes of an emergency. Its 
focus is on family reunification, delivery of mes¬ 
sages between family members separated by a con¬ 
flict, protection of civilians and prisoners of war, 
and humanitarian relief for those most severely af¬ 
fected. It is the most expensive relief organization, 
given the high cost of living of its largely Swiss staff 
and the cost of the high standards it sets. It is the 
only organization primarily funded through annual 
contributions from donor governments and national 
Red Cross and Red Crescent Societies; those fund¬ 
ing sources relieve it of the requirement to solicit 
funds from the public (although it does some mod¬ 
est fundraising among the Swiss public). The US 
government for many years has been by far its larg¬ 
est donor. 

How It Operates 

The ICRC's impressive performance in chaotic 
situations may have less to do with its age, budget, 
size, and doctrine and more to do with the fact that 
it is run by the Swiss, whose culture values both 
discipline and order. An ICRC program is fairly 
predictable programmatically and in terms of qual¬ 
ity wherever it is to be found, a claim that few PVOs 
or UN agencies can make. Little is left to chance or 
human discretion in ICRC operations. Conflicts by 
their nature are chaotic; consequently, any organi¬ 
zation that can impose a modest degree of order in 
a conflict has an immediate operational advantage. 
The ICRC is the relief organization with the most 
in common with the military; it is also the one least 
likely to have much to do with the military. This 
apparent paradox can be traced to its operating 
doctrine, which calls for absolute political neutral¬ 
ity in all conflicts. ICRC doctrine places a premium 
on voluntary adherence to international law by con¬ 
testants. The very presence of peacemaking forces 
with an aggressive mandate means ICRC persua¬ 
sion has been replaced by armed force, even if that 


force operates under the UN banner. Only on di¬ 
rect order from ICRC headquarters will delegates 
even converse with any military force, let alone 
work with them. 

The ICRC will not work in a conflict unless both 
sides agree in writing to complete transparency in 
standard operating procedures. This means in prac¬ 
tice that all sides of the conflict will get prior notice 
of each relief flight and each convoy, including travel 
routes, cargo descriptions, and times of departure and 
arrival. In Somalia it also meant getting approval from 
the clan elders for each region in which the ICRC 
operated. Indeed, until Somalia the ICRC never 
employed armed guards or drove in convoys pro¬ 
tected by military forces. In fact, it was doctrinal 
heresy for the ICRC to use force to protect its op¬ 
erations and to work closely with the military. The 
change was caused by the chaos in the countryside 
rather than a deliberate change in ICRC doctrine. 

The Red Cross symbol appears on every vehicle, 
building, and piece of equipment the ICRC em¬ 
ploys, not so much for its public relations value 
(though it does not hurt), but because in conflicts 
this symbol has become associated with the neu¬ 
trality provided for in the Geneva Conventions. The 
ICRC's desire to protect this symbol led at one point 
to an extended debate with US representatives over 
whether the US flag or the Red Cross would ap¬ 
pear on US Air Force planes delivering ICRC relief 
food—donated by the US government and the Eu¬ 
ropean Community—to famine-ravaged Somali cit¬ 
ies during Operation Restore Hope in 1992 and 
1993. The Red Cross won. 

Staff 

The ICRC was until the early 1990s entirely 
staffed by Swiss nationals. It has served in some 
respects as their version of the US Peace Corps, an 
outlet for the altruistic and adventurous instincts 
of Swiss youth that is also open to older people. 
The pathological levels of violence encountered at 
various times in the post-Cold War world, however, 
have dramatically increased the fatality rate of ICRC 
delegates, as well as the psychological problems of 
staff traumatized by the atrocities they sometimes 
witness. The Liberian civil war reached such brutal 
levels in 1992 and 1994 that the ICRC withdrew 
twice and several delegates required psychiatric 
hospitalization. These conditions have caused fewer 
young Swiss to volunteer, and, for the first time in 
its 150-year history, the ICRC has resorted to hiring 
non-Swiss staff. 
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THE UNITED NATIONS 


Some in the disaster relief community blame the 
UN for most failed responses to complex humani¬ 
tarian emergencies. While some of this blame is 
properly directed, much is not. The UN has been 
held accountable for work it was not staffed to do 
until the mid-1990s. It has also been held respon¬ 
sible for some work it will never be able to perform, 
given two different realities: its nature as an insti¬ 
tution and the fact that the permanent members of 
the Security Council and many developing coun¬ 
tries do not want it to be involved in certain types 
of interventions. 

Organizational Structure 

The UN is not one institution, centrally managed, 
with a hierarchical organizational structure. The UN 
General Assembly and Security Council together 
resemble the US Congress, with the Secretary Gen¬ 
eral representing the Speaker of the House more 
than the President. The Secretary General presides 
rather than rules. 

Four nearly autonomous UN agencies provide 
most of the operational support and services re¬ 
quired to respond to a complex humanitarian relief 
situation. They also are voluntary agencies; coun¬ 
tries are not assessed fees for their operation but 
instead contribute what they wish. The four 
agencies are the United Nations Office of the High 
Commissioner for Refugees (UNHCR), which has 
responsibility for refugees and, in practice, for in¬ 
ternally displaced people; the World Food Program 
(WFP), which provides food for people affected by 
droughts and civil wars and for UNHCR-mandated 
refugee camps; the United Nations Children's Fund 
(UNICEF), which specializes in medical, educational, 
and job training support for women and children; 
and the United Nations Development Program 
(UNDP), which has responsibility for development 
assistance, usually through country governments. 
In addition, the Office for the Coordination of Hu¬ 
manitarian Affairs (OCHA), part of the Secretary 
General's staff, conducts the negotiations needed 
to bring humanitarian support through conflict 
lines and provides a modicum of coordination 
among the four UN agencies, to the extent that any 
of the four UN agencies wishes to be coordinated. 
It is one of the great ironies of the UN system that 
its least important and badly run work is supported 
by assessment, while its better work is funded vol¬ 
untarily through these agencies. A half dozen other 


UN agencies claim an operational role, but they are 
more modest players. 

The four agencies, resembling feudal barons, 
only nominally report to the Secretary General. 
They are in fact quite independent of the Secretary 
General and of each other, obtaining their resources 
and political support from donor countries whose 
representatives sit on their independent governing 
boards. All assiduously cultivate their bases of po¬ 
litical support in their home countries. While the 
Secretary General has a hand in appointing the lead¬ 
ers of each of these agencies, few have ever been 
removed by the Secretary, nor does the Secretary 
control their budgets, staffing, or policy. Until 
1994, they did not report to the General Assembly 
in any managerially significant way, nor did they 
get policy guidance from it. In Somalia, the field 
directors of these agencies reported to their head¬ 
quarters in New York, not to the director of UN hu¬ 
manitarian operations located in Somalia. The UN 
Security Council in 1994 approved a little-noticed 
but significant managerial reform of the governance 
of UN specialized agencies. Under the reforms, 
the Economic and Social Council of the UN has 
budget and policy review authority over all spe¬ 
cialized agencies, the first time such authority and 
oversight has been vested in a membership body 
of the UN. 

Humanitarian Relief Operations 

These four UN agencies had little operational 
capacity in the 1980s but instead provided money 
to the governments of developing countries to do 
the work through indigenous government minis¬ 
tries. UNHCR's refugee camps in many countries 
were managed through the ministries of the host 
government or under grant agreement with PVOs. 
It is only since the end of the Cold War and the rise 
of the complex emergency as a painful fact of inter¬ 
national life that the agencies have hired staff with 
operational skills and experience. The quality re¬ 
mains uneven in 1997, the depth limited. 

These UN agencies have used four models for 
coordinating humanitarian relief operations with 
varying degrees of success. In the first model, the 
Secretary General assigns leadership in a particu¬ 
lar disaster to one of the four agencies. In Bosnia 
(1992-present) it has been UNHCR, in the southern 
African drought (1992) it was the World Food Pro¬ 
gram, and in Sudan (1989-present) and Kurdistan 
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it has been UNICEF. The second model, successfully 
employed in Angola (1992-1996), vests leadership 
in OCHA. 

The third model, used in Somalia from 1992 to 
1994, had no lead agency. Instead, the UN Secre¬ 
tary General, Boutros Boutros-Ghali, created a new, 
hybrid entity not tied to any of the UN agencies. 
The UN military, political, and humanitarian sec¬ 
tion heads reported to the Special Representative 
of the Secretary General, who reported directly to 
the Secretary General. The Somalia experience sug¬ 
gests that this last model, however much preferred 
by the Secretary General, is unmanageable. The 
Secretary General and his staff were incapable of 
centrally supporting extended field operations in 
Somalia. The procurement, personnel, contracting, 
and budgeting systems of the four UN agencies, 
however weak, are greatly superior to those of the 
UN Secretariat in New York. 

The fourth model was the norm before 1989. Sel¬ 
dom followed now except in smaller natural disas¬ 
ters, it called for the country director of UNDP to 
act as the chief UN officer in any country affected 
by a major disaster. UNDP's lack of experience and 
interest in complex emergencies has made this tra¬ 
ditional model inefficient. 

Constraints on Reform 

All of the models reflect the vagaries of UN per¬ 
sonnel policy, which mixes skilled and dedicated 
career international bureaucrats with friends of 
those whose votes in the General Assembly or on 
governing boards are important to the agency bu¬ 
reaucrats. The size of this latter group is debatable, 
but it is certainly not representative of the average 
operational UN staff in the specialized agencies. 
Within the UN as a whole, though, there is no func¬ 
tional personnel system, there are no career ladders, 
and promotions based on merit are not the norm. 
The newer, operationally skilled employees are too 
often contractors with limited career opportunities. 
The personnel system still reflects the much less rig¬ 
orous demands of an earlier era, when the perma¬ 
nent members of the Security Council did not want 
a robust UN system. It is arguable whether this situ¬ 
ation has much changed in the 1990s. 

Because of the institutional weaknesses of the 
position of the Secretary General and the feudal 
structure of the UN system, humanitarian emer¬ 
gency activities, ranging from routine coordination 
to development of comprehensive and integrated 
strategy, are difficult to plan and implement. In late 


1990, led by the Nordic bloc nations and supported 
by the United States, donor countries proposed and 
the General Assembly approved reforms that cre¬ 
ated the OCHA, which is managed by one of 17 
Under Secretaries General. But the role that OCHA 
can play in complex emergencies is affected by its 
limited statutory authority and the byzantine bu¬ 
reaucratic politics of the UN system. 

Developing countries were quite unenthusiastic 
about the reforms that created OCHA and 
strengthened the UN's operational capacity in 
complex emergencies: some of their governments 
were causing the problems that the reforms were 
meant to address. Third World elites and intel¬ 
lectuals suspected that the OCHA reforms would 
advance the case for humanitarian interventionism, 
which some of them perceived to be a form of 
Western neocolonialism masquerading as altruism. 
They feared that the changes promised to unleash 
meddling, do-gooder PVOs and donor aid agencies 
whose roots are sometimes found in the colonial 
affairs offices of contributing countries. The pro¬ 
tection of national sovereignty in nation-states 
with weak national identities, some of which 
govern using police-state tactics, is a central concern 
in these states' policy formation processes. Indeed, 
the issue of sovereignty threatens the very foun¬ 
dation of states. Consequently, to secure approval 
of the OCHA reforms, the reformers diluted the 
language of the resolution to ensure OCHA had 
no independent authority to intervene in a nation¬ 
state, even if for humanitarian reasons. Given its 
real mandate, OCHA has done reasonably well, 
particularly as it has matured organizationally, 
but its work reflects modest incremental im¬ 
provements to the old system, not breakthroughs 
in innovative organization or management. 

The UN will always be held hostage to some de¬ 
gree by the governments it serves. In its assessments 
of impending famines, for example, crop estimates 
are heavily influenced by local ministries of agri¬ 
culture, whose estimates are sometimes politicized 
and frequently suspect. The agricultural production 
figures used to judge food aid requirements for the 
southern African drought in 1992 were based on 
such estimates, most of which turned out to be sig¬ 
nificantly overstated. The effect of the distortion 
was a significant overcommitment of food aid in 
Mozambique. In 1990 the Bashir government in 
Sudan refused to acknowledge a massive drought 
during its critical early months. When the govern¬ 
ment finally did report drought conditions, under 
intense international pressure, it overestimated food 


1358 


The International Humanitarian Response System and the US Military 


requirements. When the UN promptly publicized 
the Sudanese numbers, its credibility suffered. 

Even with the UN's institutional weaknesses, 
however, the international community needs the 
UN when responding to a humanitarian crisis. No 


sovereign state alone has the UN's legal and moral 
sanction to intervene, its coordinating authority, its 
peacekeeping troops (however constrained by their 
home governments), its diplomatic good offices, 
and its financial and staff resources. 


DONOR-GOVERNMENT AID AGENCIES 


The final component of this complex system is 
represented by donor-government aid agencies. In 
the United States, that function is fulfilled by the 
OFDA in USAID. OFDA is charged under the Foreign 
Assistance Act of 1961 with coordinating all US gov¬ 
ernment assistance in foreign disasters. It operates 
under a unique and jealously guarded provision of 
law—the so-called "notwithstanding" provision. 
This allows OFDA to act quickly in a disaster situa¬ 
tion, notwithstanding many of the procedural, ad¬ 
ministrative, and bureaucratic requirements of the 
federal government and irrespective of other policy 
measures restricting US assistance to particular 
countries (eg, sanctions against military aid, eco¬ 
nomic support funds, or development assistance). 
Because it is exempt from prohibitions on US gov¬ 
ernment assistance to certain countries, OFDA can 
provide life-saving relief assistance to people suf¬ 
fering the effects of natural or man-made disasters 
anywhere that the State Department has declared a 
disaster. OFDA, with expenditures of approximately 
$190 million a year and a staff of 25 regular and 25 
contract employees, has a simple, focused mission: 
save lives and reduce human suffering through re¬ 
lief and rehabilitation interventions. 6 It is not au¬ 
thorized to do development or reconstruction work. 

OFDA projects itself into disasters either indi¬ 
rectly, through grants to PVOs, the ICRC, or UN 
agencies, or through direct operational intervention 


using its Disaster Assistance Response Teams 
(DART). These teams have the authority to spend 
money in the field, and with their satellite telephone 
capacity, they can order additional staff, equipment, 
and logistical capacity from the OFDA office in 
Washington. Their daily situation reports to USAID 
and State Department leadership can shape US 
policy. Early in the Kurdish emergency, for example, 
the only reports that the Secretary of State and the 
Deputy Secretary of State received on what was 
actually happening in the field were situation re¬ 
ports from OFDA. 

Because of their technical expertise in relief, rapid 
contracting capacity, and long experience in emer¬ 
gencies and in giving grants to other actors, OFDA 
officers have influence that, even if unofficial, ex¬ 
tends throughout the response system. OFDA is 
perhaps the only element of the international hu¬ 
manitarian relief system that can call meetings, get 
quarreling groups to work together, and draft stra¬ 
tegic plans that other organizations will take seri¬ 
ously. Frequently when the UN is either not present 
in the field or its contracting mechanisms are too 
slow, OFDA will fill the gap and hand operations 
over to the UN later. In 1993, the European Com¬ 
munity created an office modeled after OFDA, 
the European Community Humanitarian Office 
(ECHO), that attempts to provide them with a simi¬ 
lar operational capacity in emergencies. 


WORKING TOGETHER 


The relief response institutions—the PVOs, 
ICRC, and UN, in conjunction with OFDA and 
ECHO—make up the system used by the interna¬ 
tional community to respond to complex humani¬ 
tarian emergencies. The challenge in the system is 
that many of the institutional players do not like or 
trust one another. The PVOs quarrel quietly among 
themselves and publicly with the UN. The UN does 
not often deal with the ICRC, which keeps to itself 
and protects its prerogatives. Much of this distrust 
is understandable. It results from the ambiguous 
or overlapping organizational mandates; the 
stresses of working in combat where relief workers 


are regularly kidnapped, wounded, or killed; the 
competition for scarce private or donor-government 
resources; the lack of experience in dealing with 
each other; and the turf issues over geographic and 
sectoral (eg, food security, health, sanitation) focus. 

Fortunately, coordination and cooperation are 
improving rather than declining as the humanitar¬ 
ian relief system matures. In spite of its decentral¬ 
ized character, the system does function, though it is 
more effective when competent and skillful leaders 
manage the response in the field. Experience in the 
early 1990s suggests, not surprisingly, that the 
quality of this leadership can profoundly affect the 
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competence with which the relief response is 
managed and whether it ultimately succeeds or fails. 
As in most organizations, leadership does make a 
difference. 

How well this humanitarian response system 
works with military forces in peacekeeping opera¬ 
tions, whether or not the forces operate under the 
UN banner, is determined by the quality of mili¬ 
tary and civilian leadership and the leaders' famil¬ 
iarity with the humanitarian response structure. The 
only part of the US military force structure prepared 
by doctrine, training, experience, and personnel 
recruitment policy to deal with these organizations 
is the Civil Affairs Branch of the Army. Unfortu¬ 
nately, commanders and military planners often 
include a civil affairs function in a humanitarian 
relief operation only as an afterthought, if at all. 
Both PVO and UN managers have repeatedly com¬ 
mented how well they could work with US forces 
if they could deal with civil affairs officers instead 
of combat commanders. 

Civil Affairs 

The greatest strength of the civil affairs organi¬ 
zation is also its greatest weakness, that except for 
a small, overextended, active duty battalion at Ft. 
Bragg, NC, all civil affairs assets are in the Army's 
reserve components. The strength derives from the 
recruitment of professionals in the civilian world who 
generally are not found in the active force; these spe¬ 
cialists readily understand civilian humanitarian 
agencies. The weakness lies in their reserve status 
and in the low opinion that some individuals in the 
active force have of the reserves. Interservice rivalry 
in Somalia aggravated the already-present friction 
between the active and reserve forces and tended 
to weaken the US relief effort. 

The way in which civil affairs units were em¬ 
ployed in the Persian Gulf War and in Somalia was 
counterproductive in the former instance and nearly 
catastrophic in the latter. In Rwanda, Haiti, and 
Bosnia, the US humanitarian assistance effort in¬ 
cluded a robust civil affairs component, which re¬ 
duced incidents significantly and increased contacts 
of the military with the civilian population. The 
requirement for civil affairs units in all humanitar¬ 
ian operations is becoming more apparent, so much 
so that commanders could be judged negligent if 
they fail to integrate them into operational plans. 
In a complex humanitarian emergency, a civil af¬ 
fairs unit is a powerful force multiplier; in a UN 
peacekeeping operation, a civil affairs company 
could be worth an infantry battalion. 


Who Is in Charge? 

Perhaps the most consistently difficult lesson for 
US military forces to learn is that unlike their role 
in combat, they are not in charge of managing the 
response to a complex humanitarian emergency. US 
forces in Europe, apparently unfamiliar with the 
disaster relief discipline, attempted to write an op¬ 
erations plan for Kurdistan that was impractical and 
slowly paced. Once commanders were directed to 
let field staff from USAID take the lead with the 
ICRC and PVOs (the UN had not yet arrived), the 
situation improved. 

The unfortunate reality is that usually no one is 
in charge in a complex humanitarian emergency, a 
situation which is unlikely to change in the fore¬ 
seeable future. The notion that if any institution is 
in charge it should be the UN is by no means uni¬ 
versally acknowledged among relief responders. It 
would also be challenged within the UN by agen¬ 
cies that do not want their rivals in the system to 
be in charge if they can not be. UN performance up 
to the mid-1990s has not matched its mandate, and, 
until it does, the UN cannot assume an undisputed 
leadership position in disaster relief operations. 
When the military, which is trained to deal with 
chaos, steps in to fill this vacuum, it can be per¬ 
ceived to be usurping the prerogatives of other 
agencies. Training and practice in humanitarian 
operations with PVOs and UN agencies can over¬ 
come such misperceptions. 

The Military's Capabilities 

The two most important capabilities the military 
brings to any emergency response remain logistics 
and security; these are areas in which relief organi¬ 
zations can never match the military's expertise but 
find they increasingly need during complex emer¬ 
gencies. When the military focuses on what it does 
best, it serves well; when it is required to do na¬ 
tion-building and development, complex disci¬ 
plines about which it knows relatively little, it can 
do more harm than good. 

The military must learn to live and work with 
the other humanitarian actors described in this 
chapter. The US military now finds itself commit¬ 
ted to a doctrine of cooperative engagement with 
humanitarian agencies in which the military con¬ 
tributes three key proficiencies: security; logistics; 
and limited, temporary assistance in providing 
food, water, and medicine when humanitarian or¬ 
ganizations are unable to cope with a life-threatening 
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emergency event. The military should not attempt 
to replace or dominate humanitarian organizations, 
nor should it be directed to undertake nation¬ 
building activities. Projects such as port and road 


reconstruction, which the military sometimes under¬ 
takes as part of its own transportation requirement, 
should be of short duration and sustainable without 
its ongoing attention. 


SUMMARY 


A reasonable person might conclude that there 
will be more, rather than fewer, humanitarian re¬ 
lief operations in the years ahead. The planner's 
paradox is that no single source of support in such 
operations—the PVOs, ICRC, UN, or national assis¬ 
tance offices—is organized, trained, or equipped to 
perform all of the functions necessary to relieve 
human suffering in complex emergencies. With 
military forces in the asset pool, many more capa¬ 
bilities become available to overcome suffering. 


Success in such operations will be determined by 
the degree to which all of the players can step out¬ 
side of their individual cultures and value systems, 
surrender some of their autonomy, and seek the best 
in those with whom they must solve the problems of 
a complex humanitarian emergency. Planning, train¬ 
ing, exercises, application of operational lessons 
learned—all these can contribute to improved under¬ 
standing and eventually improved execution of re¬ 
lief responses when millions of lives may be at risk. 
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INTRODUCTION 


The United States has been and remains suscep¬ 
tible to natural and technologic disasters. Hurri¬ 
canes, earthquakes, floods, and tornadoes have 
caused significant loss of life and property damage. 
Accidents involving hazardous materials occur with 
regularity, causing evacuation of populations and 
exposure to victims. As coastal regions and areas 
surrounding flood plains and fault lines become 
more populous, the risk of large-scale injury and 
death increases. 1 Additionally, the threat of wide¬ 
spread release of hazardous materials, accidentally 
or intentionally, remains significant. The US federal 
government, through its various departments and 


their respective agencies, is responsible for provid¬ 
ing assistance to state and local governments in 
their response to disasters. The Federal Response 
Plan (FRP) is the means by which the government 
assigns agency responsibility for the various compo¬ 
nents of the disaster response. 2 The National Disas¬ 
ter Medical System (NDMS), a component of the 
FRP, has been created to direct the medical response 
to domestic disasters. It is important that military 
medical personnel understand their role in this in¬ 
tricate yet immense system because they have 
played a successful part in many recent domestic 
disasters and so will probably be called on again. 


EVOLUTION OF DOMESTIC DISASTER RESPONSE 


Historically, domestic disaster response has been 
fragmented and uncoordinated. 3 Federal agencies 
were not integrated into an overall national system 
of response. The Defense Production Act of 1950 
authorized the President to establish performance 
priorities and allocate resources to promote the na¬ 
tional defense. In the 1960s, local civil defense or¬ 
ganizations were the primary means of managing 
the aftermaths of disasters. Volunteer organizations, 
mainly the American Red Cross, augmented the 
local response by running temporary shelters and 
providing food. 

The Civilian-Military Contingency Hospital Sys¬ 
tem was developed in 1980 by the Department of 
Defense (DoD) in recognition of the possibility that 
large numbers of casualties from an overseas con¬ 
flict could overwhelm the military's hospital capac¬ 
ity. This system utilized volunteer private hospitals 
that promised inpatient beds to back up the com¬ 
bined medical systems of the DoD and the Veter¬ 
ans Administration. Although the system was never 


deployed, it served as the model for the NDMS. 

In 1979, the Federal Emergency Management 
Agency (FEMA) was established to develop a na¬ 
tional plan for responding to a catastrophic domes¬ 
tic disaster. FEMA was also tasked with providing 
a mechanism for the continuity of government 
in the event of a domestic nuclear strike. But as 
the Cold War ended in the late 1980s, FEMA's em¬ 
phasis was shifted from continuity of government 
toward the coordination of the federal govern¬ 
ment's response to domestic disasters. In 1981, the 
Emergency Preparedness Mobilization Board was 
created to establish policy and programs to im¬ 
prove the nation's preparedness for a catastrophic 
disaster. One of the key laws guiding the govern¬ 
ment response is the Robert T. Stafford Disaster 
Relief and Emergency Assistance Act (Public Law 
93-288, as amended), which allows the federal 
government to respond to disasters by giving as¬ 
sistance and protecting the public health, safety, and 
property. 


THE FEDERAL EMERGENCY MANAGEMENT AGENCY 


By executive order (12148, Federal Emergency 
Management, July 20, 1979), the director of FEMA 
has the authority and responsibility to coordinate 
and oversee the federal response during declared 
disasters. Coordination is provided by FEMA 
through the FRP in support of agencies at national, 
regional, and field levels (Figure 46-1). At the 
initiation of a federal response, the FEMA director 
appoints a Federal Coordinating Officer (FCO) 
who assumes command of the overall coordination 


and allocation of federal resources. The FCO 
works closely with the officials from the affected 
states to establish needs and priorities. The FCO 
ensures that, in accordance with the FRP, federal 
resources are made available to the state and that 
the appropriate federal agencies provide those 
resources. The FCO's responsibilities include ad¬ 
ministration and logistics, information and plan¬ 
ning, response operations, and recovery operations 
(Figure 46-2). 
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Regional Level Actions 


Establish regional response elements 


V 


Establish Regional 
Operations Center 


Deploy advance element 
of the 

Emergency Response Team 

-»- To State operating facilities 

- *■ To disaster site 

T 

Establish Disaster Field Office 

▼ 

Respond with full Emergency Response Team 


National Level Actions 


Establish national-level support elements 


> Activate Emergency Support Functions (as required) 

> Activate Agency Emergency Operations Centers 


Establish Emergency Support Team 


Convene Catastrophic Disaster Response Group* 


The Catastrophic Disaster Response Group is composed of representatives from all agencies 
and departments assisting with the Federal Response Plan. It provides national level 
guidance and policy direction on response and operations issues. It operates from FEMA 
headquarters. 


Fig. 46-1. Sequence of Actions Taken To Establish Response Activities on the Regional and National Levels. 
Source: Federal Emergency Management Agency. The Federal Response Plan. Washington DC: FEMA; 1997. 


FEMA not only coordinates the response ac¬ 
tivities but also assists the states before disasters 
strike. FEMA has training programs for disaster 
planners and responders to improve the local 
response capability. FEMA also assists states in 
the recovery phase of a disaster. Recovery pro¬ 


grams within FEMA include Individual Assis¬ 
tance (eg, temporary housing, grants and loans 
to individuals and businesses). Public Assistance 
(eg, debris clearance, repair of utilities) and Haz¬ 
ard Mitigation (eg, measures to lessen the impact 
of future disasters). 
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Fig. 46-2. Organization of the Emergency Response Team. 

Source: Federal Emergency Management Agency. The Federal Response Plan. Washington DC: FEMA; 1997. 


THE FEDERAL RESPONSE PLAN 


The FRP was developed in 1992 as a means of 
delineating the federal responsibilities for disas¬ 
ter response under the authorization of the 
Stafford Act. The FRP has been tested and refined 
since it was written. 4-8 A variety of natural disas¬ 
ters of significance have resulted in the activation 
of the FRP since its inception. By incorporating 
the lessons learned from each disaster, in a rela¬ 
tively short time the FRP has been significantly 
improved and refined. 

Scope 

The FRP describes the mechanisms by which the 
federal government mobilizes its resources to aug¬ 


ment state and local disaster response efforts. 
Through the FRP, federal response is designed to 
be systematic, coordinated, and effective. The FRP 
establishes policy, describes a concept of operations 
for interagency response, assigns and coordinates 
agency responsibilities based on function, and iden¬ 
tifies specific actions to be taken by participating 
agencies. 

The FRP assists in the efforts to save lives, pro¬ 
tect public health and safety, and protect property. 
It does not address recovery assistance, even though 
this often occurs concurrently with response efforts. 
In those cases where national security is at risk, the 
FRP includes national security authorities in the 
response. The FRP is an "all hazards" plan, mean- 
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ing that regardless of the nature of the disaster, the 
FRP uses a single mechanism to respond. The "all 
hazards" concept increases the odds that the re¬ 
sponse will be more effective than a separate plan 
for each type of disaster because of established na¬ 
ture of the federal agency relationships, the ability 
to activate a response quickly, and the ability to uti¬ 
lize common resources. 

There are several assumptions made in the FRP. 
Foremost is that the FRP will be coordinated with in¬ 
dividual state response plans. The FRP will augment 
the state response, but it is not a substitute for a state 
plan. 9 It is also understood that components of the 
FRP will need to be activated quickly and deployed 
rapidly to minimize morbidity and mortality. If an 
imminent disaster can be reasonably predicted, ad¬ 
vanced deployment of federal assets may be ap¬ 
proved. Finally, the federal response requires a rapid 
needs assessment performed in the immediate 
postdisaster period. FEMA uses this assessment to 
coordinate the activation of the Emergency Support 
Functions (ESFs) and ensure that the response is more 
directed, effective, and fiscally efficient. All FRP ef¬ 
forts are built on these assumptions. 

Terrorism Incident Annex 

The Terrorism Incident Annex of the FRP addresses 
the federal response to a terrorist event within the 
United States. This annex is based in Presidential 
Decision Directive 39, which establishes policy to 
reduce vulnerability to terrorism; respond to terror¬ 
ist events; and enhance capacity to prevent, detect, 
and manage the consequences of terrorism. A delin¬ 
eation between crisis management and consequence 
management is made in the directive. Crisis man¬ 
agement is defined in the annex as "measures to 
identify, acquire, and plan the use of resources 
needed to anticipate, and/or resolve a threat or act 
of terrorism" 2 and is the primary responsibility of 
the federal government. The Department of Justice 
is the lead federal agency responsible for crisis 
management, with the Federal Bureau of Investi¬ 
gation responsible for the operational response. 
Consequence management is referred to as "mea¬ 
sures to protect public health and safety, restore 
essential government services, and provide emer¬ 
gency relief to governments, businesses, and indi¬ 
viduals affected by the consequences of terrorism." 2 
FEMA is designated as the lead federal agency for 
consequence management. State and local govern¬ 
ments have primary responsibility for this response. 

The health and medical components of the conse¬ 
quence management are coordinated through ESF No. 


8 and are managed by the Department of Health and 
Human Services (DHHS). DHHS enhanced its re¬ 
sponse through the development of Metro-politan 
Medical Response System (MMRS) teams, which 
maintain specialized equipment and supplies to 
perform extrication, decontamination, and initial 
medical treatment of chemical and biological casu¬ 
alties. The MMRS teams are considered local assets 
and are available to respond immediately. DHHS has 
also developed four National Medical Response 
Teams, which are located regionally and can be rap¬ 
idly deployed in response to a chemical or biological 
terrorist event. They can also be predeployed, as 
needed. These teams provide decontamination and 
medical management augmentation of local assets. 

The DoD has a role in consequence management. 
In 1999, the DoD established the position of Assis¬ 
tant to the Secretary of Defense for Civil Support 
as the focal point and coordinator for DoD's conse¬ 
quence management. DoD also created the Joint 
Task Force-Civil Support (JTF-CS), which is the pri¬ 
mary DoD command and control headquarters for 
domestic consequence management. JTF-CS is 
designed to respond on-site and provide military 
support to the lead federal agency and to provide 
life-and-limb-saving support to local responders. 

The National Guard and Reserves also have roles 
in domestic consequence management. Army and 
Air National Guard personnel staff 10 Weapons of 
Mass Destruction Civil Support Teams, which can 
provide medical and technical assistance to local 
responders. Each team consists of 22 full-time, spe¬ 
cially trained personnel. These teams will perform 
their mission primarily under the command and 
control of the state governor (through the adjutant 
general of the state). 

The Federal Radiological Emergency Response Plan 

There is a specific federal plan to manage radio¬ 
logical emergencies. The Federal Radiological Emer¬ 
gency Response Plan (FRERP) evolved from perceived 
inadequacies in federal plans used to respond to the 
Three Mile Island nuclear power plant accident in 
1979. In June 1980, the National Contingency Plan 
became law, and it outlined a coordinated response 
by federal agencies to protect the public health and 
safety in the event of a commercial nuclear power 
plant accident. In 1982, the Federal Radiological Moni¬ 
toring and Assessment Plan was developed, and its 
expanded scope included all radiological emergen¬ 
cies. In 1996, it was replaced by the FRERP. 

The FRERP delineates the federal government's 
response to a peacetime radiological emergency that 
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may have potential or actual consequences within 
the United States. It provides a concept of opera¬ 
tions, outlines relevant policy, and specifies authori¬ 
ties and responsibilities of those federal agencies 
that may have a role in a radiological emergency. 
Like the FRP, the FRERP recognizes state, local, and 
tribal preeminence. The FRERP identifies the Lead 
Federal Agency (LFA) specific to the type of radio¬ 
logical event. The LFA is responsible for coordina¬ 
tion of the federal response. The Department of 
Energy, DoD, National Aeronautics and Space Ad¬ 
ministration, Environmental Protection Agency, and 
Nuclear Regulatory Commission can all be the LFA, 
depending on the scenario. 

The FRERP can be employed without Stafford Act 
declaration or activation of the FRP. The LFA has 
overall coordination of the federal response to the 
emergency, and FEMA will use the FRP to coordi¬ 
nate any nonradiological support. Under a Stafford 


Act declaration, the LFA coordinates the radiologi¬ 
cal response while FEMA coordinates the overall 
federal response to assist the affected state. 

Emergency Support Functions 

The FRP consists of twelve ESFs, which describe 
the most likely types of assistance needed. Each ESF 
is directed by a primary agency and supported by 
secondary agencies, based on the authority, the re¬ 
sources available, and the capabilities in the func¬ 
tional area. The ESFs are the mechanisms through 
which federal assistance is directed. It is important 
to note that ESFs may be activated individually or 
in limited numbers or in their entirety, based on 
need. The twelve ESFs and their responsible agen¬ 
cies are listed in the Figure 46-3. Twenty-six federal 
agencies and the American Red Cross have respon¬ 
sibilities under the ESFs. 


IMPLEMENTING THE FEDERAL RESPONSE PLAN 


Activation of the FRP begins a sequence of events 
that ultimately results in federal assistance to the 
affected area. After a disaster occurs, the state gov¬ 
ernor must request that the President declare the 
affected area a federal disaster area. The President, 
after making the declaration, then assigns the FEMA 
director as the overall coordinator of the federal 
response. Various regional and national activities 
may occur, as is outlined in Figure 46-1. The FEMA 
director may activate all or part of the plan based 
on the situational requirements. At the onset of a 


declared disaster, the FEMA director appoints a fed¬ 
eral coordinating officer (FCO). Near the site of the 
disaster, a disaster field office is established to serve 
as the primary field office for the FCO, the state 
emergency manager (or representative), and the ESF 
representatives. An advance emergency response 
team is sent by the FEMA regional office to the af¬ 
fected area to perform an initial needs assessment, 
as well as to provide early on-site coordination of 
the federal response. In multi-state disasters, this 
arrangement is repeated in each state. 


THE NATIONAL DISASTER MEDICAL SYSTEM 


The NDMS was established as the medical com¬ 
ponent of the federal disaster response. 10,11 It is a 
joint venture among the DoD, Department of Health 
and Human Services, Department of Veterans Af¬ 
fairs, and FEMA. The US Public Health Service over¬ 
sees the NDMS and is responsible for mobilizing 
medical resources when the system is activated. The 
NDMS provides medical assistance to disaster ar¬ 
eas, evacuates patients from the disaster site, and 
develops a nationwide network of hospitals to ac¬ 
cept patients from a catastrophic disaster. 

Disaster Medical Assistance Teams 

The essential component of NDMS is the Disas¬ 
ter Medical Assistance Team (DMAT), which is 
based on the military's medical clearing company. 12 
The DMATs are medical teams deployed to perform 


forward stabilization of casualties, definitive medi¬ 
cal care, and evacuation. DMATs consist of volun¬ 
teer civilian medical professionals organized locally 
but coordinated through the NDMS. When the 
NDMS is activated under the FRP, these civilian 
volunteers become federalized, thus permitting 
them to practice medicine in any state. Deployed 
team size ranges from 30 to 50 members, usually 
with 3 to 5 physicians, 8 to 12 nurses, 5 to 10 emer¬ 
gency medical technicians, 2 to 4 pharmacists, 1 to 
2 lab technicians, and 4 to 8 ancillary personnel. 13 
Standardized supply and pharmaceutical packages 
have been developed for the DMATs. There are no 
organic transportation or security assets within the 
DMATs. Logistical support for the teams is provided 
through mission support teams (which are also part 
of the NDMS), whose purpose is to provide re-supply, 
equipment, transportation, and communications. 
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P: Primary agency; responsible for management of the Emergency Support Function 
S: Support agency; responsible for supporting the primary agency 

USDA: US Department of Agriculture; DOC: Department of Commerce; DOD: Department of Defense; DOEd: Department of Edu¬ 
cation; DOE: Department of Energy; DHHS: Department of Health and Human Services; DHUD: Department of Housing and 
Urban Development; DOI: Department of the Interior; DOJ: Department of Justice; DOL: Department of Labor; DOS: Department 
of State; DOT: Department of Transportation; TREAS: Treasury Department; VA: Department of Veterans Affairs; AID: Agency for 
International Development; ARC: American Red Cross; EPA: Environmental Protection Agency; FCC: Federal Communications 
Commission; FEMA: Federal Emergency Management Agency; GSA: General Services Administration; NASA: National Aeronau¬ 
tics and Space Administration; NCS: National Communications System; NRC: Nuclear Regulatory Commission; OPM: Office of 
Personnel Management; SBA: Small Business Administration; TVA: Tennessee Valley Authority; USPS: US Postal Service 

Fig. 46-3. Emergency Support Function Assignment Matrix: Primary and secondary support responsibilities by Agency 
under the federal response plan. 
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Medically Related Emergency Support Functions 

The medically related ESFs include ESF No. 8, 
"Health and Medical"; ESF No. 9, "Urban Search 
and Rescue"; and ESF No. 6, "Mass Care." The 
scope of responsibilities in ESF No. 8 is listed in 
the Exhibit 46-1. The US Public Health Service, 
through its Office of Emergency Preparedness, 
has primary responsibility for all of the 16 items 
listed. In addition to managing the acutely in¬ 
jured and ill, another major function of ESF No. 
8 is restoring the public health infrastructure. 
Crucial partners with the Department of Health 
and Human Services (the parent organization of 
the US Public Health Service) in the operations 
of ESF No. 8 are the Centers for Disease Control 
and Prevention (CDC) and the DMATs. In addi¬ 
tion to performing hazards assessment and vec¬ 
tor control assistance, the CDC will, on request, 
provide medical epidemiologists to perform 
needs assessments and health surveillance dur¬ 
ing the acute and recovery phases. The DMATs 
fill the vital role of augmenting patient care in 
the disaster area. DMATs perform patient triage, 
resuscitation and stabilization, inpatient care, 
and patient evacuation. Specialty DMATs also 
can provide surgical care. Mortuary services and 
victim identification are provided by Disaster 
Mortuary Services Teams. Federal health and 
medical resources are coordinated through the 
NDMS, which will be discussed in detail later. 

Mass Care (ESF No. 6) is coordinated through the 
American Red Cross. Mass Care encompasses shel¬ 
ter, feeding, disaster welfare information (eg, death 
notification, help in locating relatives), and distri¬ 
bution of emergency relief items. The American Red 
Cross personnel may provide emergency first aid 
to residents of Red Cross temporary shelters, but 
patients requiring more extensive care will be 
treated by local medical resources or the DMATs. 
Because of the relatively crowded living conditions, 
health surveillance, food safety, and reliable sani¬ 
tation facilities must be major priorities to prevent 
disease outbreaks. 

Urban Search and Rescue (ESF No. 9) can be ac¬ 
tivated when victims are trapped in collapsed struc¬ 
tures. Urban search and rescue teams maintain 
medical resources for initial treatment of trapped 
victims; however, it is expected that these teams will 
turn over extricated victims to DMATs or to local 
medical care. Since victims of building collapse are 
often seriously injured, coordination with other 
medical services is essential for effective urban 
search and rescue operations. 


EXHIBIT 46-1 

SCOPE OF RESPONSIBILITY: EMERGENCY 
SUPPORT FUNCTION NUMBER 8, 

HEALTH AND MEDICAL SERVICES 

1 . 

Assessment of health and medical needs 

2. 

Health surveillance 

3. 

Medical care personnel 

4. 

Health and medical equipment and 
supplies 

5. 

Patient evacuation 

6. 

In-hospital care 

7. 

Food, drug, and medical device safety 

8. 

Worker health and safety 

9. 

Radiological hazards 

10. 

Chemical hazards 

11. 

Biological hazards 

12. 

Mental health 

13. 

Public health information 

14. 

Vector control 

15. 

Potable water, wastewater and solid waste 
disposal 

16. 

Victim identification, mortuary services 

Source: Federal Emergency Management Agency. The 

Federal Response Plan. Washington DC: FEMA; 1992. 


The Military's Role 

The military's role in domestic disaster response is 
directed through the Secretary of the Army. The Di¬ 
rectorate of Military Support is the lead agent for civil 
emergency relief operations. The DoD Directive 3025.1 
"Military Support to Civil Authorities" of 1997 outlines 
DoD policy on assistance to the civilian sector during 
disasters and other emergencies. This act limits DoD 
support to those resources that are not otherwise 
needed for DoD to conduct its primary defense mis¬ 
sion. After a disaster is declared, a Defense Coordinat¬ 
ing Officer is appointed to serve in the field as the DoD 
point of contact for requests of military assistance. The 
Defense Coordinating Officer should be familiar with 
DoD assets and how to identify and access such assets 
quickly. There is no formal training available for this 
position, but those familiar with logistics and supply 
are well suited for this assignment. The DoD has an 
FRP-defined role in all the ESFs. The advantages of mili¬ 
tary forces detailed by Sharp and colleagues for an in¬ 
ternational response also apply to a domestic response. 14 
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EXAMPLES OF THE 

The FRP and NDMS have been activated and 
deployed to respond to a wide variety of situations 
since 1989, including hurricanes, earthquakes, 
and floods. The lessons learned from each experi¬ 
ence have improved responses to subsequent disas¬ 
ters. The DMAT concept was given its first real chal¬ 
lenge in the 1989 Hurricane Hugo response. Two 
DMATs were deployed to the Virgin Islands to pro¬ 
vide care. The military's deployable medical sys¬ 
tem (DEPMEDS) facility was used as the temporary 
medical facility. The DEPMEDS facility can provide 
advanced medical and surgical services and radio¬ 
logical and laboratory diagnostics; it can also sup¬ 
port a large number of inpatients in a field setting. 
Several items of note came from this deployment. 
The first is that the DMAT concept did work in the 
austere setting. Military support in the form of secu¬ 
rity, transportation, and medical evacuation were nec¬ 
essary for the concept's success. 4 The other significant 
factor in this activation was the time it took to get 
the DMAT in place. Almost 2 weeks passed before 
the island government requested assistance and the 
DMATs were deployed. This resulted in a perceived 
limitation of the effectiveness in this mission. 4 

Hurricane Andrew was at the time (1992) the 
most expensive natural disaster to affect the United 
States. It destroyed or seriously damaged over 
75,000 homes and created over 160,000 homeless 
people with significant increases in medical 
needs. 713 The hurricane affected southern Florida 
and Louisiana. The FRP had been implemented 
shortly before Andrew struck, but many were not 
familiar with the plan. Additionally, activation of 
the plan was delayed for several days. Criticism of 
the federal response to Hurricane Andrew was sum¬ 
marized in a General Accounting Office report, 13 
which contended that the FRP lacked provisions for 
postdisaster assessment, did not have the mecha¬ 
nisms in place for timely response, and was unable 
to provide mass care for such a large-scale event. 
The GAO concluded that the DoD should be given 
a larger role in domestic disaster response, that 
FEMA and other federal agencies should have 
greater authority in responding, and that state and 
local governments' capacities to respond should be 
enhanced. 

EFFORTS FOR 

Since the inception of a coordinated federal re¬ 
sponse to domestic disasters, planning has been 
constantly refined, based on a wide variety of ex- 


SYSTEM AT WORK 

Three weeks after Hurricane Andrew's landfall 
in Florida, Hurricane Iniki struck the island of 
Kauai. DMATs were deployed within 24 hours. 
Medical teams there noted that, as in other disas¬ 
ters, delivery of basic primary care consumed most 
of the medical assets. 4-6,15 The General Accounting 
Office report praised the federal response in Ha¬ 
waii, primarily for its timeliness, but also for the 
plan's flexibility in meeting the island's needs. 13 

The 1993 floods in the midwestern United States 
did not cause a need for acute medical care; however, 
the magnitude of the flooding and the vast area af¬ 
fected by the floods posed unique problems for the 
federal responders. Although no DMATs were de¬ 
ployed, members of federal teams worked very closely 
with state officials and state health departments, as¬ 
sisting them in managing potable water outages, sani¬ 
tation problems, and other preventive medicine prob¬ 
lems. This slow-developing, prolonged disaster per¬ 
mitted local, state, federal, and DoD personnel to work 
cooperatively and to develop insights into each 
agency's response capabilities. 

The Northridge, Calif, earthquake of 1994 re¬ 
sulted in activation of the FRP. Using the lessons 
learned from Hurricane Andrew, rapid activation 
of the FRP provided a timely medical response. 
Medical assets deployed and provided care with an 
emphasis on community outreach. Rather than set¬ 
ting up fixed facilities, DMATs remained relatively 
mobile and went into the affected communities to 
provide care to those who were unable or unwill¬ 
ing to leave their property and belongings. The 
timeliness, responsiveness, and flexibility of the 
response restored credibility to FEMA. 

Another significant event has altered the plan¬ 
ning of the federal response to disasters. The ter¬ 
rorist bombing of the Alfred P. Murrah Building in 
Oklahoma City, Okla, in April 1995 has resulted in 
a far greater emphasis on planning for a domestic 
terrorist attack. The threat is considered to include 
conventional weapons, as well as chemical and bio¬ 
logical weapons. Plans include mitigation to limit 
consequences (eg, shatter-resistant windows) and 
further development of multiple rapid-response 
teams trained in the management of chemical or bio¬ 
logical injuries. 

THE FUTURE 

periences. Despite differences in these disasters, 
several concepts remain crucial to a federal re¬ 
sponse. First, local governments and states must be 
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prepared to manage the disaster response until fed¬ 
eral assets can be mobilized. 3 ' 9 ' 16,17 The need for 
training and research on all levels has been articu¬ 
lated. 3,17 The basics of epidemiology, planning, 
medical response in a disaster setting, and public 
health are curriculum components that have been 
suggested. 18,19 This training needs to include uni¬ 
formed personnel as well. 20 Response time needs 
to be shortened as much as possible for improved 
effectiveness. Current national plans include 
predeployment of assets when the disaster can be 
reliably predicted. 


Many also argue the need for disaster research. 
Epidemiologic research regarding the types of in¬ 
juries caused by specific types of disasters may aid 
in the determination of the response needed. 17,21,22 
Specific areas, such as standard methodologies for 
needs assessments, casualty estimations, and triage, 
require more research. Burkle and colleagues 23 have 
developed the concept of "measurements of effec¬ 
tiveness" as a method of assessing the success of a 
disaster response. They propose that their yard¬ 
sticks serve as a unifying mechanism for the vari¬ 
ous components of a disaster response. 


SUMMARY 


It is clear from experience, in both international 
and domestic areas, that the US military has many 
valuable assets necessary for disaster response. 24 
Domestically, the military is a major participant in 
the FRP and has provided outstanding support in 
recent disaster responses. The expertise provided 
by the military in the areas of command and con¬ 
trol, communications, field operations, logistics, 
and preventive medicine are in great demand dur¬ 
ing a domestic disaster. 

Activation of the FRP results in a complex series 
of activities designed to augment the local and state 
capabilities in times of domestic disasters. Coordi¬ 
nation of federal assets is directed by FEMA, and 
responsibility for providing those assets is del¬ 
egated to a variety of federal agencies. Field-level 


coordination is provided by representatives of the 
ESFs located at local and regional emergency op¬ 
erations centers. The DoD maintains the expertise 
in the areas of command, control, communications, 
field operations, logistics, and preventive medicine, 
all of which are in great demand during a domestic 
disaster. As a result, the DoD provides support to 
each of the ESFs. DoD assets are made available 
through the Directorate of Military Support and 
then coordinated on a regional level by the Defense 
Coordinating Officer. Since the issuance of the FRP 
in 1992, the military has provided outstanding as¬ 
sistance in responding to domestic disasters. Disas¬ 
ter specific training for military personnel has 
been recommended as a means of improving the 
military's response capabilities. 
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INTRODUCTION 


Over 30 million persons are refugees or displaced 
due to war, civil strife, natural disasters, and other 
similar events. 1,2 Such social disruptions have the 
potential to increase morbidity and mortality and, 
in many cases, require varied relief programs to 
provide public health assistance. 2 A critical public 
health issue encountered during such disturbances 
is a food shortage. Food shortages during conflicts 
can result from deliberate targeting of local food 
production and distribution, manipulation of relief 
supplies, interference by political groups, inadequate 
organizational controls, destruction of food sources, 
and other such actions. 3,4 In almost all cases, a direct 
consequence of food shortages is malnutrition 
among the targeted population, and children are 
among the most susceptible to malnutrition and 
nutritional insults. 1,5-7 All of these issues must be con¬ 
sidered when nutritional support is to be provided. 

Physicians, epidemiologists, preventive medicine 
and public health specialists, and nutritionists and 
dietitians routinely participate in peacetime and 
war-related humanitarian relief efforts worldwide. 
Integrated teams of health care providers are required 
to ensure efficient assessments and rapid implemen¬ 
tation of assistance programs. In addition, registered 
dietitians and nutritionists are key players in hu¬ 
manitarian missions and disaster relief efforts, 
particularly when an assessment of available food 
resources and malnutrition prevalence is needed. 8-12 

The US military has both the integrated teams 
and the experience to assist displaced populations 
during social disruptions. The military is increas¬ 
ingly called on to render assistance and humani¬ 
tarian aid during disaster situations, international 
crises, regional conflicts, and civic assistance pro¬ 
grams. 8,9,12-14 Recent efforts by the US military have 
included disaster assistance after hurricanes and 
humanitarian aid in Haiti, Panama, Somalia, Bosnia, 
the Kwajalein Atoll in the Pacific Ocean, the Kurdish 
homelands in northern Iraq, and Kosovo. 7,8,14-17 For 
example, following hurricane Marilyn in St. Thomas, 
Virgin Islands, US servicemembers were deployed 
for disaster assistance to reestablish patient and 
personnel feeding in hospitals. 18 In many interna¬ 
tional humanitarian assistance missions, military 
personnel have been involved with conducting 
baseline evaluations and nutritional screenings and 
assessments, developing emergency food plans, 
monitoring plans that have been implemented, and 
monitoring changes in mortality through follow-up 
surveillance. 8,9 In virtually all assistance efforts, nu¬ 


tritional support has been a major focus, and les¬ 
sons learned from those efforts can develop into 
new approaches for future humanitarian missions. 

The main objective of nutritional support for 
refugee or displaced populations is to supply suffi¬ 
cient energy so they can maintain adequate levels of 
the essential nutrients to sustain life. Timely introduc¬ 
tion of nutritional support can make the difference 
between success and failure of such specialized 
missions. Humanitarian nutrition-assistance re¬ 
sponses are determined by the type and complexity 
of the emergency and based on an understanding 
of the resources, socioeconomic characteristics, and 
specific needs of the population. 19,20 Table 47-1 de¬ 
scribes four types of emergencies or conditions 
wherein nutritional support or assistance may be 
needed and the characteristics of each. 

One of the key reasons for providing nutritional 
assistance during these emergency situations is the 
association between nutritional status and mortality. 21 
The inseparable link between malnutrition and mor¬ 
tality reflects a nutritionally induced decrease in host 
resistance that leads to an increased susceptibility 
to infectious diseases among malnourished individu¬ 
als. Other factors that may contribute to increased 
mortality among displaced populations include 
poor sanitation, poor water quality, increased trans¬ 
mission of infectious disease through crowding, and 
unexpected environmental changes. 22,23 

When possible, an assessment of the nutritional 
needs, food habits, and dietary practices of the 
population is recommended before introducing 
nutritional support. In all cases, careful planning 
of how relief activities and nutritional support 
might be implemented is critical. Despite differ¬ 
ences in food choices and dietary practices, which 
vary throughout the world, the basic nutritional 
needs of populations are quite similar. Differences 
in the amounts of specific nutrients needed are pri¬ 
marily due to age, sex, size, physical activity, and 
physiology. Thus, basic needs as well as specific 
nutritional needs must be considered when assess¬ 
ing the overall condition in a deployed setting. Ini¬ 
tial assessments of the population, to include their 
nutritional status and the availability of food, are 
important so that timely interventions can be 
started. The objective of this chapter is to present 
an overview of how to assess the nutritional status 
of a population under conditions of deployment 
and determine the type and extent of nutritional 
support required. 
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TABLE 47-1 

CHARACTERISTICS, RESPONSES AND MODES OF RESPONSE FOR 
FOUR TYPES OF EMERGENCIES.* 


Emergency 

Type 

Characteristics 

Action Needed 

Intervention Mode 

Rapid Onset 

Triggered by a natural event (eg, 
flood, earthquake, epidemic) or 
high-intensity war; predictable in 
some cases; can affect both stable 
and displaced populations; mass 
temporary displacement; destruc¬ 
tion of public utilities and infra¬ 
structure 

Meet basic needs (food, water, 
shelter, and health); reduce 
mortality and morbidity; con¬ 
trol health problems; best 
done by local governments 
but may need military assis¬ 
tance 

Rapid assessment of acute situa¬ 
tion; prioritization of health and 
nutrition needs; definition of op¬ 
tions for intervention; support to 
health services; establishment of 
best possible surveillance system 
to monitor progress 

Slow Onset 

Triggered by natural disaster 
(eg, drought, livestock loss from 
drought) and lasts several years; 
effect is widespread and variable 
depending on vulnerability; leads 
to disposal of assets; migration; 
increased nutrition and disease 
burdens on humans and livestock 

Meet basic needs (food, water, 
shelter, and health); reduce 
impact on production and in¬ 
come losses; improve food se¬ 
curity; reestablish livelihood 
systems, including employ¬ 
ment-based safety nets 

Assessment of and responses to 
declining resource base and food 
insecurity; rapid assessment ap¬ 
proaches; prioritization of health 
and nutrition needs; definition of 
options; establishment of surveil¬ 
lance to prioritize needs; cross- 
sectional surveys to establish 
needs 

Permanent 

Emergencies 

Most common; due to socio¬ 
economic structural problems that 
cause poverty; characterized by 
hunger, environmental stress, and 
social unrest; migrations; in¬ 
creased nutrition and disease bur¬ 
dens on humans and livestock 

Meet basic needs (food, water, 
shelter, and health); reestab¬ 
lish livelihood systems, in¬ 
cluding employment-based 
safety nets 

Assessment of and responses to 
declining resource base and food 
insecurity; rapid assessment ap¬ 
proaches; prioritization of health 
and nutrition needs; definition of 
options; establishment of surveil¬ 
lance to prioritize needs; cross- 
sectional surveys to establish 
needs 

Complex 

Emergencies 

Combination of the above but 
with an emphasis on civil strife 
or insecurity that affects the local 
population, displaced persons, 
and groups responding to the 
emergency; affects large popula¬ 
tions over large areas; popula¬ 
tions may be internally displaced 
or refugees 

Security; basic needs (food, 
water, shelter, and health); re¬ 
establish livelihood systems; 
human capital development; 
community capacity building; 
conflict mediation 

Assessment of and responses to 
declining resource base and food 
insecurity; rapid assessment ap¬ 
proaches; prioritization of health 
and nutrition needs; definition of 
options; establishment of surveil¬ 
lance to prioritize needs; cross- 
sectional surveys to establish 
needs 


In all emergencies, military personnel should seek all available information, get access to nongovernmental organizations, local 
structures, and government resources; be impartial and work with local experienced staff where possible; provide logistical capac¬ 
ity, communications, and simple standardized epidemiologic procedures; and work to decentralize power. In rapid onset emergen¬ 
cies, personnel must also be ready to provide flexible and short-term planning perspectives. 

Adapted from Dept of the Army. Army Medical Field Feeding Operations. Washington, DC: DA. FM 8-505. In press. 


NUTRITIONAL ASSESSMENT 


The nutritional status of a previously well-fed 
population is likely to remain within normal limits 
during the first 1 to 2 weeks following an acute food 


disruption. In situations where conditions continue 
to deteriorate, a nutritional assessment of the popu¬ 
lation may be necessary. A general nutritional as- 
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sessment of the population at risk serves to estab¬ 
lish the degree and type of malnutrition present and 
the requirements for other resources, such as water 
and sanitation, to relieve the situation. The initial 
assessment also establishes a baseline for the af¬ 
fected population that can be used for comparison 
over time in the evaluation process, not only for the 
nutritional status of the population but also for the 
impact of various relief efforts. Special attention 
should be paid to vulnerable groups, including chil¬ 
dren younger than 5 years of age, pregnant and lac- 
tating women, the elderly, and members of specific 
ethnic or religious groups. These vulnerable groups 
can also be evaluated over time to determine 
the impact of various interventions. For example, 
the United Nations Children's Fund conducted a 
3-year prospective study to assess the effects of war 
and economic sanctions on the nutritional status of 
children in Baghdad. 1 The percentage of children 
with mild-to-severe malnutrition increased follow¬ 
ing the imposition of sanctions before the Persian 
Gulf War (from 21% pre-war with no sanctions to 
29% pre-war with sanctions), and the proportion 
increased markedly during the war with sanctions 
(to 43%). 

In addition to evaluating specifics of the popula¬ 
tion, assessing the environment and infrastructure in 
which the affected population lives is important for 
identifying underlying problems. Such assessments 
are useful for determining the origin (if unknown) 
and severity of the nutritional crises. Identifying 
social or community institutions and governmen¬ 
tal and nongovernmental organizations that may 
be available to help reestablish the infrastructure is 
invaluable for establishing assistance responses. 
Although a nutritional assessment can provide 
valuable information about the health status of a 
displaced population, a watchful eye and careful 
management of potentially disruptive events 
should be considered, whenever possible, to avert 
an emergency food crisis. 23 

Both overall and nutritional assessments consist 
of a two-phase information gathering process that 
uses interviews, group discussions, observation, 
and surveys. 5 The first phase is a general evalua¬ 
tion to obtain a global picture of the problem and 
the need for rapid intervention. This includes de¬ 
termining the reasons for the specific crisis (eg, war, 
famine, natural disaster), the size and general sta¬ 
tus of the population, the environmental conditions, 
the existence and organization of food distribution 
activities, a crude estimate of available food and 
resources, and the activities of local or international 
organizations that can provide assistance. The sec¬ 


ond phase encompasses four basic activities: data 
collection, problem analysis, reporting, and follow¬ 
up. 24 Onsite data collection should take place, as 
well as the collection of background data from offi¬ 
cials in the local government. United Nations (UN) 
agency officials, or relief personnel from other hu¬ 
manitarian agencies. Background data include 

• Population demographics, in particular the 
total refugee or displaced population by age 
and sex, average family or household size, 
and at-risk groups (eg, children younger 
than 5 years of age, pregnant and lactating 
women, disabled or wounded persons, the 
sick, the elderly), 

• Geographical features of the area, 

• Weather and climate patterns, 

• Agricultural and economic conditions, 

• Flealth conditions and infectious diseases 
endemic to the area, 

• Ethnic or tribal conflicts 

• Types of assistance available from other or¬ 
ganizations, and 

• Logistical support. 5,21,25 

This information can provide a more comprehen¬ 
sive overview of the situation. Once background 
information has been gathered, a sample survey 
should be conducted to determine the specific and 
immediate nutritional needs of the population. Such 
a field assessment may be the single most impor¬ 
tant step in assessing the overall situation; simply 
observing selected families will not provide a fair 
estimate. Data collection from field site visits should 
include the following information: nutritional sta¬ 
tus of the population; culturally acceptable foods; 
availability and type of foods consumed; mortality 
rates and causes; availability of water; availability 
of wood, cooking utensils, and other necessities for 
food preparation; shelter; and logistics. 

Selecting the Sample and Collecting Data 

When a survey is to be conducted and data col¬ 
lected for an estimate of malnutrition, the popula¬ 
tion must be clearly defined. The data collected 
during the survey can provide a reasonable estimate 
of the health and nutritional status of the popula¬ 
tion of interest. Typically, a survey involves obtain¬ 
ing anthropometric measures on children (usually 
between 6 and 59.9 months of age) from a sample 
of families because measures on this age group have 
been shown to be reflective of the whole popula¬ 
tion. 24,26 The anthropometric measures obtained can 
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then be compared to a reference or cutoff value to 
define the degree of malnutrition within the popu¬ 
lation. If the population is relatively small, with 
only 400 to 500 children, all children should be 
evaluated. For larger populations, various sampling 
procedures can be used. These procedures include 
simple random sampling, systematic random sam¬ 
pling, and cluster sampling. 27 Random sampling 
and systematic sampling procedures require a sam¬ 
pling base—either a list of individuals or a geo¬ 
graphical organization—that allows each individual 
or family an equal chance of being surveyed. Clus¬ 
ter sampling is used in larger populations for which 
only estimates of the number of people are avail¬ 
able so the other two methods cannot be used. For 
cluster sampling, the population is grouped into 
identifiable units from which a sample estimate may 
be obtained. For example, clusters could be indi¬ 
vidual villages or camps. Within each cluster, a 
predetermined number of children is selected and 
they are then surveyed. Because children within a 
cluster tend to have similar nutritional status, the 
size of the cluster sample must be large enough to 
override this inherent bias. This is usually ac¬ 
counted for by using a sample size twice that of the 
systematic random sampling. 5,27 In all cases, the 
choice of sampling will be determined by the con¬ 
ditions in the field. An example of a data collection 
form for a cluster sample survey is presented in Fig¬ 
ure 47-1. 

Although there are many ways to conduct sample 
surveys, the World Health Organization and 
Medecins Sans Frontieres have published detailed 
guidelines for rapid nutritional assessment in the 
field. 27,28 These publications provide appropriate 
standards for assorted measures, examples of sam¬ 
pling and sample size determination, approaches 
to data analysis and interpretation, and discussions 
on other issues critical to nutritional assessments 
and humanitarian assistance endeavors. The pri¬ 
mary steps include determining the following: 

• Basic information on demography, geogra¬ 
phy, and population to be assessed, 

• Index measure to be assessed and whether 
specific groups need to be evaluated, 

• Sampling methods to be used, 

• Age groups to be included, 

• Sample size, 

• Indicators to be used, 

• Personnel, equipment, and resources needed, 

• Number of people to be evaluated per day, 

• Training status of field workers and super¬ 
visory controls. 


• Standards to be used and data analysis pro¬ 
cedures, and 

• Responsibility for logistics. 

Before conducting an assessment, it should be 
recognized that anthropometric data alone can be 
misleading, especially when malnutrition levels are 
high due to infection or low due to death or emigra¬ 
tion. If many of the severely malnourished children 
have already died or if families with very sick chil¬ 
dren have been able to leave the area, then the preva¬ 
lence of acute malnutrition will be underestimated. 
These are important issues to consider. Certain 
high-risk groups are more vulnerable to malnutri¬ 
tion and micronutrient deficiencies, 29 so questions 
should be asked to determine recent changes within 
these vulnerable subgroups. Familiarity with the 
clinical diagnosis of classic nutrition-related illness, 
such as kwashiorkor (a severe form of protein- 
energy malnutrition), marasmus (wasting from 
lack of food and protein), xerophthalmia (night 
blindness caused by vitamin A deficiency), scurvy 
(vitamin C deficiency), beri-beri (thiamine defi¬ 
ciency), is helpful in determining the duration of a 
nutritional program. Factors such as the amount 
and type of foods and animals available and sup¬ 
plies of water and fuel should also be noted. If there 
have been food shortages for an extended period, 
many people may already be malnourished and 
special foods or food programs will be needed to 
refeed them. 

Nutritional Indicators 

Children between 6 and 59.9 months of age are the 
ones on whom anthropometric measures should be 
obtained for nutritional assessments because of 
their extreme vulnerability to nutritional insults. 5,27,28 
A variety of different anthropometric indexes can 
be used, but each one has inherent limitations. The 
most commonly used index for acute malnutrition 
and recent weight loss in nutritional assessments 
is the weight-for-height ratio. 15,21,23,26,30,31 Based on 
numerous population surveys, the weight-for- 
height measure is the most reliable index of acute 
malnutrition for famine and emergency situations. 
The weight-for-height index is indicative of current 
status, is a good predictor of immediate mortality 
risk, is sensitive to rapid changes, and can be used 
for monitoring the course of recovery from malnu¬ 
trition. 5,15,23,27 However, if edema (the clinical sign 
of kwashiorkor) is present in a child, then the weight- 
for-height index should not be used. Edema, typi¬ 
cally pitting edema on the upper surface of the foot. 
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CLUSTER DATA FORM 


Cluster N°: 



Village/Section: 

Date of Survey: / / 



Team Number: 

First birth date to be included: 

/ 

/ 


Last birth date to be included: 

/ 

/ 



Birth date after which children should be measured standing:_/_/ 


N° 

Birth 

date 

Age in 
months 

Sex 

1 = M 

0 = F 

Weight 
in kg 
org 

Height 
in cm 

or mm 

Edema 

1 = Yes 

0 = No 

MUAC 

Other 

Other 

1 

/ 

/ 









2 

/ 

/ 









3 

/ 

/ 









4 

/ 

/ 









5 

/ 

/ 









6 

/ 

/ 









7 

/ 

/ 









8 

/ 

/ 









9 

/ 

/ 









10 

/ 

/ 









11 

/ 

/ 









12 

/ 

/ 









13 

/ 

/ 









14 

/ 

/ 









15 

/ 

/ 









16 

/ 

/ 









17 

/ 

/ 









18 

/ 

/ 









19 

/ 

/ 









20 

/ 

/ 










MUAC = mid-upper arm circumference 


Fig. 47-1. A Data Collection Form for a Cluster Sample. 

Reprinted with permission from: Arbelot A, ed. Nutrition Guidelines. Paris: Medecins Sans Frontieres; 1995. 


is a major risk factor for mortality in children and 
is always indicative of severe, acute malnutrition. 32 
Thus, the presence of edema should be carefully 
noted. Basic equipment for gathering weight-for- 


height index measurements includes a length board, 
non-stretch tape measures, a 25-kg hanging spring 
scale, rope, weighing pants, a standard weight (10 
kg) to calibrate and check the scale, questionnaires. 
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EXHIBIT 47-1 

PROCEDURES FOR EVALUATING MID-UPPER ARM CIRCUMFERENCE 

1. Seat the child comfortably in the mother's lap 

2. Select the child's bare right arm for measurement 

3. If the child is not in a shortsleeved shirt, roll the sleeve up; do not measure arm circumference over 
clothing 

4. Let the child's arm hang down loosely with the arm bent at the elbow in a 90° angle 

5. Make a mark at a point halfway between the tip of the shoulder (acromial process of the scapula) and 
the tip of the elbow (olecranon process of the ulna) 

6. Draw a horizontal line on the back of the arm 1 cm (0.5 in.) above the midpoint; use a felt-tipped 
marker 

7. Let the child's arm hang down loosely, circle the tape measure around the arm, and pull it snugly but 
not too tightly 

8. Read arm circumference to the nearest 0.1 cm and record reading on the survey form (see Table 47-2) 

Adapted from: Intertect. Assessment Manual for Refugee Emergencies. Washington, DC: Bureau for Refugee Programs, Dept of 

State; 1985. 


data sheets, clipboards, tables, a calculator, a com¬ 
puter, and pencils. 20,27,28 The general method for 
weighing is to zero the scale daily, place weighing 
pants on the child, attach the pants to the scale, and 
suspend the child in the pants from the scales. To 
measure length, shoes are removed and a child 
younger than 2 years of age is placed face up on 
the board with feet flat against the fixed board and 
head near the movable measuring piece. Children 
older than 2 years are measured standing, using 
vertical measuring equipment. 27 

Another index, which has been used frequently 
when measures of height and weight are not pos¬ 
sible, is the mid-upper arm circumference (MUAC). 
This is the most simple measure and provides a 
rapid indicator of wasting. 15 ' 21,26 ' 28 ' 30,31 The accesso¬ 
ries needed for determining MUAC are a tape mea¬ 
sure, data sheets, clipboards, and pencils. Exhibit 
47-1 provides a detailed, step-by-step procedure for 
measuring MUAC. The MUAC is often used when 
rapid assessments are needed, such as when large 
numbers of children need to be screened for feed¬ 
ing programs. 15 Although it has been suggested that 
there is minimal change in the normal arm circum¬ 
ference of children between 6 and 59.9 months of 
age, the common cutoff (12.5 or 13 cm) can result in 
an age bias. 23 As such there is not yet agreement on 
what the definitive cutoff value should be. 15,26,30,31 
For this reason and because of the inherent mea¬ 


surement error with MUAC, this measure may have 
limited use in determining the prevalence of mal¬ 
nutrition. 

Other measures include the weight-for-age index, 
which is an index of both chronic and acute malnu¬ 
trition depending on the age of the child, and the 
height-for-age index, which reflects chronic malnu- 
trition. 21,26,30 ' 31 With all of these measures, differences 
between individual measurers can be considerable 
and these differences can bias the data. 

Mortality Information 

When possible, crude mortality rates should be 
calculated because they are critical indicators of 
health status. The Centers for Disease Control and 
Prevention recommends calculating a crude mor¬ 
tality rate over a short period of time, usually less 
than a month. 2,21 If the number of deaths over a 
given number of days can be determined and the 
size of the population is known, then a daily crude 
mortality rate can be estimated. Deaths per 10,000 
per day or deaths per 1,000 per month are the pre¬ 
ferred rates. Ideally, they are age-, sex-, and cause- 
specific rates because such measures indicate the 
need for interventions for specific subgroups. Even 
a crude estimate can prove helpful. The appropri¬ 
ate denominator must be used, however, and this 
requires an understanding and accounting of the 
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population dynamics. 15 During a survey, a log of 
all deaths should be maintained whenever possible, 
and surveillance systems should be set up in the 
community to record both recent and new deaths. 
Death rates are also used as criteria for nutritional 
interventions by relief agencies, and crude mortal¬ 
ity rates are very helpful for tracking changes over 
time. 

Mortality rates for refugees and displaced popu¬ 
lations during various stages of a crisis have been 
reported to have ranged from 2.8 to 21.3 for the 
Kurds in northern Iraq, 7 from 7.3 to 67.1 in Soma¬ 
lia, 15-17 from 10 to 59 in Rwanda, 33 and from 5.4 to 
8.0 in Sudan (all ranges are per 10,000 per day). 2 A 
crude mortality rate of 0.5 per 10,000 per day is not 
unusual in African countries during nonemergency 
times. As such, a crude mortality rate of more than 
1 per 10,000 per day or a mortality rate of more than 
4 per 10,000 per day in children younger than 5 
years old has been suggested to be of extreme con¬ 
cern. When the crude rate falls below 1 per 10,000 
per day, this is an indication that the emergency 
phase is over. 21 Whenever possible, the overall and 
infant expected (or baseline) crude mortality rates 
for the area should be obtained. 

Data and Problem Analysis 

Once the survey form has been completed, the 
data need to be evaluated, expressed in a standard¬ 
ized format, and compared to reference tables. Most 
data can be analyzed with simply a pen, paper, and 
calculator, but portable computers can be very 
helpful. In particular, Epi Info, 3i a word processing, 
database, and statistics system for personal com¬ 
puters, can be extremely useful for analyzing data 
in the field. It contains specific programs for nutri¬ 
tional anthropometry and a questionnaire that can 
be modified to suit specific needs. The anthropo¬ 
metric data collected can be compared to growth 
reference curves recommended by the World Health 
Organization (WHO) for international use. Thus the 
proportion of children with malnutrition can be 
determined, as well as the trends in mortality, mor¬ 
bidity, and nutritional status. 

Data can be expressed in many ways, but the 
most common are as a percentile, a Z-score, and a 
percent of the median relative to reference tables. 28 
(One exception is the MU AC: the actual values are 
used and no calculations are required.) When data 
are expressed as a percentile, the 50th percentile is 
the weight that divides the population into two 
equal parts and represents the median. Similarly, 


10% of the children would fall below the weight 
designated by the 10th percentile. Given the per¬ 
centiles of the reference population, one can com¬ 
pare the distribution of weights from the survey and 
the proportion below a given percentile. For ex¬ 
ample, if the cutoff point is the 5th percentile, then 
one would determine the proportion of children in 
the sample population whose weight is below the 
cutoff point for the 5th percentile. 

Although percentiles are used in many countries, 
the WHO and other organizations recommend us¬ 
ing the Z-scores. 27,28 The weight-for-height index of 
a child expressed in a Z-score represents the differ¬ 
ence between the observed weight and the median 
weight of the reference population in standard de¬ 
viation units: 

Weight-for-Height Index 
= (Observed Weight - Median Weight) 

4- Standard Deviation 

For example, if a child measured 9.2 kg and 80 cm 
and the reference tables give a median weight of 
10.8 kg and a standard deviation of 0.87 kg for 
a child of that height, then the weight-for-height 
index expressed in a Z-score for this child would be 

(9.2- 10.8) -5- 0.87 = -1.84. 

Once critical indicators have been expressed in a 
standardized format, the data can then be used to 
determine the percent of children with malnutri¬ 
tion. Also needed are an estimate of the total popu¬ 
lation and the number of children under 5 years of 
age as a percent of the total. Table 47-2 presents the 
cutoff points typically used when the anthropo¬ 
metric data of children are being analyzed, and Fig¬ 
ure 47-2 provides a sample form for calculating the 
degree of malnutrition. These should be used as 
guidelines and should be based on the population 
being evaluated. However, the global acute malnu¬ 
trition rate, which combines moderate and severe 
malnutrition, and the severe acute rates are critical 
markers for deciding on the need for or type of in¬ 
tervention. 5,28 A weight-for-height value 2 standard 
deviations below the mean or 80% of weight-for- 
height by the National Center for Health Statistics 
standards are typically considered indicators of 
wasting or acute malnutrition 23 ; a value 3 standard 
deviations below would indicate severe wast¬ 
ing. 15,23,32 During non-emergency conditions, 3% to 
6% of children worldwide have low weight-for- 
height values, and although prevalence rates of 5% 
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TABLE 47-2 

CUTOFF POINTS MOST OFTEN USED TO DEFINE ACUTE MALNUTRITION 
BY VARIOUS INDICATORS* 


Nutritional Status 
(level of malnutrition) 

W/H Z Score 

W/H% of Median 

MUAC 

Moderate Acute 

Severe Acute 

Global Acute 

-3 < W/H < -2 

W/H < -3 or edema 

W / H < -2 or edema 

70% < W/H% <80% 

W / H% < 70% or edema 

W / H% < 80% or edema 

110 mm < MUAC < 125 mm 

MUAC < 110 mm or edema 

MUAC < 125 mm or edema 


W/H: weight-to-height ratio; MUAC: mid-upper arm circumference 

Reprinted with permission from: Arbelot A, ed. Nutrition Guidelines. Paris: Medecins Sans Frontieres; 1995. 


to 10% can indicate increased malnutrition, 23 such 
prevalence rates are not unusual in African popu¬ 
lations. 32 For MUAC measurements, values between 
110 and 125 mm are usually equivalent to 2 stan¬ 
dard deviations below the mean and less than 110 
mm is consistent with 3 standard deviations below 
the mean. 28 Given these references, a 20% preva¬ 
lence of wasting or a MUAC of less than 125 mm 
would be a high prevalence and indicate a serious situ¬ 
ation. 32 Although additional information should be 
carefully examined and the data gathered should 
be compared with data obtained by other health 
staff in the area, nutritional assistance programs are 
usually implemented when a prevalence above 20% 
has been noted. 

Other pertinent information to be gathered in¬ 
cludes the number of cases of nutritionally related 
illnesses, specifically kwashiorkor and marasmus. 
If the presence of specific vitamin- or mineral- 
deficiency illnesses is suspected, this should be 
documented by medical personnel during the as¬ 
sessment. 28 Additionally, the amount, types, and 
location of available food, the implementation of 
supplemental feeding programs (to be discussed 
later), and the level of physical activity must all be 
determined. 

FOOD ASSISTANCE PROGRAM 

States of emergency resulting from natural disas¬ 
ters or outbreaks of hostilities commonly cause a 
disruption of food supplies and acute food short¬ 
ages in civilian communities that had been ad¬ 
equately nourished. Interruption of civilian markets 
and food supply channels may cause food short¬ 
ages in any community, even ones with adequate 
overall food stockpiles. And when families and in¬ 
dividuals have been forced to leave their usual food 
sources, finding food becomes a matter of survival. 


Reporting of Results and Follow-Up Activities 

A formal report should be prepared soon after 
completion of the survey. The report should in¬ 
clude stated objectives, a description of the survey 
methodology, the sampling frame and types of data 
collected, a presentation and interpretation of the 
results, and recommendations. A clear description 
of the sample and the distribution of its character¬ 
istics should be included. The data can be presented 
in tables—if possible with appropriate confidence 
intervals—according to specific population charac¬ 
teristics (eg, age, sex), but the data should also be 
compared with other groups for an interpretive 
analysis. For example, malnutrition rates from pre¬ 
vious surveys can be compared so that trends can 
be inferred. It is imperative that the report have a 
set of recommendations and realistic actions that 
can be taken to alleviate the problems, because only 
then can various actions be considered and appropri¬ 
ate ones implemented. Documentation of ongoing 
health issues is critical for demonstrating program 
effectiveness and efficacy and program effects on 
the displaced population. Such efforts are critical 
for modifying less-than-effective procedures in fu¬ 
ture efforts. 

FOR EMERGENCY SITUATIONS 

In fact, Flansch 35 found that the major activities of 
all refugee populations involved some aspect of 
food. In a survival setting, providing adequate en¬ 
ergy to minimize wasting of body mass is the prime 
consideration. From a psychological perspective, 
though, the knowledge that food is available, no 
matter how limited the quantities, is important. 19 

The military, in conjunction with other governmen¬ 
tal agencies and possibly nonprofit organizations 
as well, will often be called on to provide nutritional 
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Location_ Site_ Date 

Total Refugee Population at Site_ 

Total Number of Children From Whom Random Sample was Taken_ 

Surveyor's Name/Organization_ 


Normal (A) 

B 

C 

D 

No Edema and 

Index > -2 Z-Scores 

* 

Edema 

Index < -2 Z-Scores 

Index < -3 Z-Scores 





































Record the number of cases above. These numbers are used below for statistical purposes. 

Total Sample = A + B + C + D 

% Malnutrition = (B + C + D) x 100 / (A + B + C + D) 

% Global Acute Malnutrition = (C + D) x 100 / (A + B + C + D) 

% Severe Malnutrition = (B + D) x 100 / (A + B + C + D) 

Other Observations 


Index = Weight-for-height index 

Children with edema should not be included in Z-Score columns. 


Fig. 47-2. A Form for Quantifying Malnutrition from the Weight-for-Height Index and Edema. Adapted with permis¬ 
sion from Arbelot A, ed. Nutrition Guidelines. Paris: Medecins Sans Frontieres; 1995. 


assistance during emergency situations. These oc¬ 
casions may arise when local government officials 
seek aid from local commanders or when a state of 
martial law is declared and the military is directed 
to assume civil functions. Military activities can 
range from providing medical, technical, and ad¬ 
ministrative advice to setting up and managing 
mass feeding programs. This can mean determin¬ 
ing the kinds, amounts, and sources of foods and 
fuel needed, as well as providing the personnel and 


equipment necessary for food preparation and dis¬ 
tribution. 20 The duration of this type of assistance 
is usually short, and emphasis is placed on main¬ 
taining nutritional status through adequate energy 
and protein intakes, on ensuring availability of po¬ 
table water, and on boosting morale. 

Food assistance programs vary, depending on the 
needs of the population, the military mission, the 
resources, and the current emergency situation. The 
assessment of the population should show a clearly 
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demonstrated need for nutritional assistance, and 
the overall objectives of a food assistance program 
should also be clear before action is taken. 36 Food 
assistance can be provided in several ways, includ¬ 
ing onsite mass feeding programs, general food dis¬ 
tributions, and selective feeding programs. 

Onsite mass feeding programs are usually for those 
whose homes have been destroyed, for relief work¬ 
ers, or for transients. Military personnel may become 
involved in this type of program when they work 
with camp personnel to provide nutritional support 
for refugee camps. This type of feeding is often the 
first approach in emergencies of short duration and 
is meant to be an interim measure only. 

General food distributions are also designed to 
provide food to refugees or displaced populations 
for survival over the short term, but the food is pro¬ 
vided to the families to take home. The overriding 
objective is to make food available and accessible 
through the provision of a ration that meets the 
basic nutrient requirements and suits the cultural 
customs of the affected population. 20 

Selective feeding programs can be of several 
types, including therapeutic and supplemental. 
Therapeutic feeding programs are always designed 
to reduce the mortality of severely malnourished 
children younger than 5 years of age and other vul¬ 
nerable populations; when possible, such programs 
should be located near a health facility. These pro¬ 
grams can be labor intensive: the first phase requires 
medical diagnoses and a 24-hour care unit to en¬ 
sure nutritional and medical treatment of those 
identified at highest risk. The second phase, which 
commences when complicated cases are brought 
under control, still provides nutritional rehabilita¬ 
tion but fewer meals are provided and those meals 
are more calorically dense and consist of local foods. 
Vitamin supplements are provided during this 
phase if needed. A therapeutic feeding program is 
an effective treatment for severe protein energy 
malnutrition, but such programs require specific 
resources and a medically trained staff to be opti¬ 
mally successful. 5,28 

In contrast to the therapeutic feeding program, 
the supplemental feeding program is designed to 
provide high-quality foods, usually in the form of 
a ration, as a supplement to the daily diet. 5 There 
are two types of supplemental programs: targeted 
and blanket. 5,28 Targeted supplementary programs 
are designed to provide medical follow-up and re¬ 
duce the percentage of children (primarily those 
younger than 5 years of age) who are moderately 
malnourished. Many of the children will be com¬ 
ing out of a therapeutic program. The blanket 


supplementary feeding program is designed to pre¬ 
vent further deterioration of malnutrition and mor¬ 
tality by providing all vulnerable groups with a 
food supplement. The vulnerable groups include 
children younger than 5 years of age, pregnant and 
lactating women, the elderly, and individuals with 
specific medical needs. 28 As the objective of blanket 
programs is to minimize the prevalence of malnu¬ 
trition and mortality rates, a large proportion of the 
population may qualify for assistance. This program 
is considered only a temporary measure, however, 
and should be suspended when the area's general 
food supply is restored. 5 

Supplemental rations for feeding programs can 
be provided in one of two forms: wet and dry. 5,28,36 
The distribution of rations is typically determined 
by the type of ration appropriate for the particular 
situation. Wet rations refer to food that is prepared 
and distributed at designated sites once or twice a day. 
This type of ration program is often used for highly 
vulnerable populations, when fuel and cooking 
utensils are scarce, or when there are security issues 
involved in getting rations to the homes intact. Dry 
rations refer to food that is distributed in bulk with¬ 
out prior cooking; preparation and consumption are 
off-site, usually in the home. The assumption is that 
the food will be shared by all family members. Dry 
ration feeding programs are generally easier to co¬ 
ordinate, and they keep the responsibility for food 
preparation and feeding in the home. 

The seriousness of the situation will dictate the 
type of food assistance program (See Figure 47-3). 
For more detailed descriptions of feeding programs 
and supplemental rations. Nutrition Guidelines 28 and 
Refuge Health: An Approach to Emergency Situations, 5 
both published by Medecins Sans Frontieres, should 
be consulted. 

Energy Requirements 

Although limited information on the level of en¬ 
ergy and protein required to sustain life in devel¬ 
oping countries is available, the WHO and other 
governing bodies have developed guidelines. The 
guidelines are for planning purposes and are used 
with groups based on age, height, and physiologi¬ 
cal state (eg, activity level, pregnancy, lactation). 
Currently two levels of support have been identi¬ 
fied: (1) the emergency subsistence level—an energy 
level of 1,500 kcal per day for the average person, 
which is expected to maintain survival for several 
weeks, but lower levels may result in starvation and 
death and (2) the temporary maintenance level— 
an energy level of 1,800 kcal per day for the average 


1386 


Nutritional Assessment and Nutritional Needs of Refugee or Displaced Populations 


General Ration 
<2,100 Kcals/ 
person/day 


Malnutrition rate 20% 
OR 

Malnutrition rate 10%-19% 
and aggravating factors 



Malnutrition rate 10%-19% 


OR 


Malnutrition rate 5%-9% 

▼ 

and aggravating factors 


Always Improve 
General Ration 


Malnutrition rate < 10% 
with no aggravating factors 


‘Aggravating factors include the crude mortality rate, an 
inadequate general food ration, an epidemic of communi¬ 
cable disease, and environmental issues. 


SERIOUS 

• Blanket supplementary feeding 
program 

• Supplementary feeding program 

• Therapeutic feeding program 


ALERT 

• Targeted supplementary feeding 
program 

• Therapeutic feeding program 


> 


ALERT 

• No need for population-level 
interventions but individual 
attention for malnourished 


Fig. 47-3. General Guidelines for Implementing Nutritional Assistance Programs. Reprinted with permission from 
Arbelot A, ed. Nutrition Guidelines. Paris: Medecins Sans Frontieres; 1995. 


person, which should sustain work for several 
months but may result in weight loss. 

These guidelines have been useful, but in 1995 
the Committee on International Nutrition, respond¬ 
ing to a request by the US Agency for International 
Development, developed an estimated mean per 
capita energy requirement (EMPCER) that could be 
used to expedite food relief when information on 
the population was limited. Such an estimate would 
be useful in planning the food energy requirements 
in emergency situations. 37 On careful review of the 
available scientific and technical literature and af¬ 
ter discussions among experts in the field, the com¬ 
mittee presented methods for estimating the energy 
requirements of refugees and displaced popula¬ 
tions. The committee, composed of members of 
the WHO, the UN High Commission for Refugees, 
the UN Children's Fund, and the World Food 
Programme, recommended the EMPCER be set at 
2,100 kcal per day, with modifications depending 
on sex, weight, height, and energy expenditure. 37 

Many international agencies have been using a 
value of 1,900 kcal per day and other relief organi¬ 
zations may have different standards, but the Com¬ 
mittee on International Nutrition believed that 1,900 
kcal per day, based on biological principles, was too 
low. It was also acknowledged that various factors 
would influence this estimate, with physical activ¬ 
ity exerting the greatest impact. If the population 


is known to engage in more than light activity, the 
total energy recommendation increases by 100 kcal 
per day for moderate activity and 400 kcal per day 
for heavy activity. Other factors the committee con¬ 
sidered important include recovery from malnutri¬ 
tion, environmental temperatures, and adult body 
size. If the average height and weight of the adults 
is greater than the averages set forth in the assump¬ 
tions, a higher energy intake value should be used. 
In cold weather, the energy recommendation in¬ 
creases as mean temperature decreases so, for ex¬ 
ample, the EMPCER increases by 100 kcal per day 
at 15°C, 200 kcal at 10°C, and 300 kcal at 5°C. 37 

Humanitarian Rations 

Humanitarian rations are available for refugee 
populations, and guidelines and sample food ra¬ 
tions have been prepared by the World Food 
Programme and the Office of the UN High Com¬ 
missioner for Refugees. The rations are intended to 
supplement local food products or, when necessary, 
meet all the basic nutritional requirements. Food 
rations may be provided by a variety of sources, 
including host governments, nongovernmental or¬ 
ganizations, and the international community at 
large. The World Food Programme publishes guide¬ 
lines for calculating food rations for refugees, which 
can be found at their website: www.wfp.org/OP/ 
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TABLE 47-3 

LEVELS OF ENERGY-PROVIDING NUTRIENTS 
IN HUMANITARIAN RATIONS 


Nutrient 

Grams 

Energy 

(kcal) 

Percentage of 
Total Energy 

Fat 

40-75 

360-675 

10-30 

Protein 

50-70 

200-280 

10-15 

Carbohydrate 

a 345 

> 1380 

> 60 


index.htm. 

Suitability of the rations is a critical issue. The 
chosen ration should provide a variety of basic food 
items, with the staple food being one the target 
population is accustomed to. Basic food items in¬ 
clude cereals, flours or grains, oil, and a source of 
protein; the source of protein must be familiar. 
Complementary food items, such as fresh meat or 
fish, vegetables, fruit, fortified cereal blends, sugar, 
condiments, salt, and spices may be included as 
well, if available. If humanitarian assistance rations 
are required, both basic and complementary foods 
should be provided at a minimum level of 2,100 kcal 
per person per day, 37 unless a more accurate esti¬ 
mate of the population's specific energy needs can 
be obtained. 

Within the US Government, the Office of the As¬ 
sistant Secretary of Defense, Humanitarian and 
Refugee Affairs, saw a need for ways to feed large 
groups of refugees or displaced persons. The result 
was the development of Humanitarian Rations, ra¬ 
tions packaged to tolerate environmental extremes 
and designed to meet the nutritional requirements 
of any specific cultural group. As of 1999, two spe¬ 


cific humanitarian rations had been developed: the 
Humanitarian Daily Ration (HDR) and the Humani¬ 
tarian Pouched Meal (HPM). These rations are avail¬ 
able through the US Government and have been 
used in humanitarian missions. Tables 47-3 and 
47-4 present the amounts of energy-providing nu¬ 
trients, vitamins, and minerals required in the HDR. 

The HDR is similar in concept to the military's 
Meal, Ready-to-Eat in that it was designed as one 
day's complete food supply; it has a minimum of 
two entrees, which can be eaten either cold or hot 
(warming the meal is preferable). The components 
of the HDR have been carefully chosen so that the 
various rations do not contain items prohibited for 
cultural or religious reasons but do provide the 
nutritional requirements established for moderately 
malnourished individuals. Prohibited products, 
which include beef, pork, poultry, fish, other ani¬ 
mal products and by-products, and ethyl alcohol, 
cannot be included or used in preparing or process¬ 
ing the ration components. Although dairy prod¬ 
ucts can be used, they are permitted only in 
amounts that are easily digested by lactose-intoler¬ 
ant individuals. 36 Exhibit 47-2 presents the contents 
of one HDR menu: each day's menu provides no 
fewer than 2,200 kcal, with 10% to 13% of calories 
from protein, 27% to 30% from fat, and no less than 
60% from carbohydrate. An accessory packet is pro¬ 
vided with each meal. The shelf life of the HDR is 
36 months from the time of placement in the meal 
bag when stored at 80°F. As of 1999, five different 
menus are available, but they are updated regularly 
based on customer responses and situational or 
cultural demands. 

The HPM is similar to the HDR in that it is ready 
to eat, cold or hot, but it contains only one entree 
with complementary components and so provides 


TABLE 47-4 

LEVELS OF VITAMINS AND MINERALS NECESSARY TO MEET THE REQUIREMENTS 
FOR HUMANITARIAN RATIONS 


Micronutrient 

Amount 

Micronutrient 

Amount 

Micronutrient 

Amount 

Vitamin A 

750 |ig RE 

Folate 

150 q,g 

Phosphate 

1,000 mg 

Vitamin C 

60 mg 

Vitamin B 6 

2 mg 

Magnesium 

300 mg 

Vitamin D 

10 (Tg 

Vitamin Bj, 

6 PS 

Zinc 

15 mg 

Thiamin 

1.5 mg 

Iron 

25 mg 

Calcium/Phosphorous 

1:1 

Riboflavin 

1.7 mg 

Calcium 

1,000 mg 

Iodine 

0.5 mg 

Niacin 

5.5 mg/1,000 kcal 






retinol equivalents 
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EXHIBIT 47-2 

ONE DAY'S SAMPLE MENU FOR THE HUMANITARIAN DAILY RATION 

A 

B 

C 

Lentils and Vegetables 

Lentil Stew 

Lentil Stew 

Beans with Potatoes 

Peas in Tomato Sauce 

Red Beans and Rice 

Crackers 

Vegetable Biscuits 

Biscuits 

Flat Bread 

Jam 

Vegetable Crackers 

Peanut Butter 

Peanut Butter 

Peanut Butter 

Raisins 

Fruit Bar 

Strawberry Jam 

Apple Fruit Bar 

Fruit Pastry 

Fruit Bar 

* 

Accessory Packet 

Shortbread Cookies 

Fruit Pastry 


* 

Accessory Packet 

Shortbread 



Accessory Packet 

* 

Accessory Packet contents: 

red pepper, pepper, salt, sugar, spoon. 

matches, towelette (alcohol-free), and 

napkin 



Source: Defense Supply Center Philadelphia website: www.dscp.dla.mil/subs/rations/rations.htm 


only 967 kcal; the same percentage of calories is 
derived from protein, fat, and carbohydrate as the 
HDR. This particular ration was designed to be a 
supplement to ongoing food programs that are un¬ 
able to provide adequate nutrients and calories. The 
shelf life of the HPM is 12 months at 80°F. Further 
information on humanitarian rations can be found 
at the website www.dscp.dla.mil/subs/rations/ 
rations.htm. 

Issues with Food Assistance Programs 

Food assistance programs require considerable 
effort in terms of personnel, organization, logistics, 
and resources. For these programs to be organized 
and effective, a number of issues should be consid¬ 
ered: the total number of beneficiaries, the dura¬ 
tion of feeding programs, the kind and amount of 
food and fuel required, the degree to which food 
can be provided from indigenous sources, and the 
level of military support required to accomplish the 
mission. 

Specific considerations include finding willing 
donors, ensuring well-planned organization of the 
food acquisition and distribution process, formu¬ 
lating an equitable distribution system, determining 
and registering those families entitled to or requir¬ 
ing rations, and organizing a regular monitoring 
system. 5 Once these issues have all been considered 
and decisions have been made, the appropriate food 


items and supplies need to be made available. 

When the program is in place, a surveillance sys¬ 
tem to monitor and document program efficiency 
and effectiveness should be initiated. Procedures for 
monitoring selective feeding programs and general 
food distribution programs will differ, but individu¬ 
als with specific needs should be followed up, no 
matter which program they are in. 20 Specific issues 
to consider in selective feeding programs include 
registration, attendance indicators, health indica¬ 
tors (eg, weight, growth charting, edema evalu¬ 
ation, food needs and intake), mortality rates, and 
malnutrition prevalence. Children should be 
remeasured after a month to document changes in 
anthropometric indexes, and recipients should be 
queried about the availability, quality, and quan¬ 
tity of the food. Such information will allow for an 
evaluation of the program's implementation and its 
impact. 

There are a variety of factors that can compro¬ 
mise the efficiency and effectiveness of general 
food distribution programs. Monitoring at some 
level needs to be done for these potential prob¬ 
lems: food diversion, gaps in the supply of food, 
food losses during distribution, inadequacy of 
ration nutrient content, poor organization, fail¬ 
ure to coordinate logistics adequately, and prob¬ 
lems with food preparation. 5 

Since food aid has value, food diversion is com¬ 
mon. Households may exchange part of the ration 
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for essential items such as shelter or firewood. An¬ 
other type of food diversion occurs when groups in 
power inequitably control distribution and access 
to food. Food distribution sites should be inspected, 
since this allows the methods and timing of distri¬ 
bution to be assessed and ensures that food is actu¬ 
ally being distributed equitably, both during and 
after the emergency phase. Additional assessments 
of food supplies, including food production, ex¬ 
ports, imports, and storage and usage rates, should 
be conducted before and after the intervention. If 
the infrastructure of the country or region has been 
affected, movement of food and supplies to the af¬ 
fected population areas may be restricted. An example 
of this occurred in Iraq during the Persian Gulf War 
when the country's normal food distribution sys¬ 
tem collapsed, resulting in restricted access to nec¬ 
essary food items. 1 Finally, rationing of food under 
extreme situations may be necessary to minimize 
overconsumption and ensure that food supplies will 
last over prolonged periods. Despite the wide range 
of potential problems, food distribution programs 
continue to serve refugee and displaced populations 


There are a myriad of factors that must be con¬ 
sidered and addressed during humanitarian assis¬ 
tance or disaster relief missions due to war, civil 
strife, natural disasters, and other such events. In 
many cases, assessment and analysis of the emer¬ 
gency situation, using information on increased 
morbidity and mortality rates, indicate that nutri¬ 
tional support programs are critical. Nutritional 
support in the form of population screening efforts, 
assessments, surveys, and nutritional interventions 
is a critical element of any type of relief mission. 
Such activities are often combined efforts between 
military units and national and international relief 
organizations because diverse skills are required to 


and meet their needs in times of distress. 

In addition to the feeding programs. Yip and col¬ 
leagues 7 note that a safe water supply, sanitation 
measures, and a diarrhea-control program are of¬ 
ten critical aspects of any relief mission. Thus, per¬ 
sonnel experienced in various aspects of public 
health should be consulted. Military dietitians and 
nutritionists should be included in planning and 
implementing nutrition relief efforts so that logis¬ 
tical decisions can be coupled with the nutritional 
assessment. 

This is an ever-expanding field with world events 
determining what the best approaches to nutritional 
assessments and feeding programs are. The military 
has served and will continue to serve a critical role. 
Integrated teams who understand the science, so¬ 
cial science, public health, and cultural issues will 
be needed to deal with the urgent crises faced by 
the increasing numbers of natural and political 
emergencies. Fortunately, excellent resources for 
humanitarian assistance nutrition programs and 
other public health issues during emergency situa¬ 
tions are available. 1,5 ' 23 ' zs 


provide for those in need. Military personnel are 
uniquely qualified to support humanitarian efforts; 
they have been involved in such operations 
throughout history and have the public health spe¬ 
cialists, clinical dietitians, epidemiologists, medical 
professionals, and logistical and support services 
necessary for both advance planning and day-to- 
day operations. In particular, dietitians and nutri¬ 
tion care personnel, in conjunction with other health 
care providers, have the expertise to identify and 
implement nutrition programs that will interrupt 
the course of malnutrition, disease, and death. Vic¬ 
tims of any crisis must have food to obtain energy, 
not only to survive but also to rebuild. 
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MOBILIZATION AND DEPLOYMENT 
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Section 8: Postdeployment 



The medical and psychological effects of deployment do not necessarily dissipate once the deployment is over. Service 
members and their families make significant, though incompletely understood, sacrifices during deployment and may 
need to make major readjustments after the deployment ends. This is not a new phenomenon, but it has been much 
better illuminated in the wake of the Persian Gulf War. 


Department of Defense Photograph: Defense Visual Information Center photo identification number DDST9209054. 
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INTRODUCTION 


A deployment is a military operation in which 
the service member is sent from the home station, 
usually as a part of a military unit, to a distant lo¬ 
cation to accomplish a special mission. Routine 
training is not included in this definition. Families 
are not permitted to accompany him or her. Both 
deployment and reunion are often stressful for ser¬ 
vice members and their families. An increased 
knowledge of the stresses of predeployment, de¬ 
ployment, and reunion will help commanders and 


medical personnel develop preventive measures to 
counter them. In this chapter we present a brief his¬ 
tory of deployments in the post-Cold War environ¬ 
ment and give illustrations of the stressors in four 
of the most prominent recent ones: the Persian Gulf 
War, Somalia, Haiti, and Bosnia. We present and dis¬ 
cuss deployment issues that affect service members 
and family members and the command and medi¬ 
cal actions that might be taken to prevent or ame¬ 
liorate them. 


THE NATURE OF CURRENT MILITARY OPERATIONS 


Military Operations from World War II to the 
Post-Cold War Environment 

There have been substantial modifications in the 
nature of military operations since World War II, 
with a broadened spectrum of experiences for service 
members and their families. World War II typified 
the long-duration war in which there were peaks 
and valleys of combat intensity. Massive numbers 
of personnel, ships, and aircraft were engaged in 
battle theaters throughout the world. Soldiers, sail¬ 
ors, and Marines were involved for the duration of 
the war or until a wound or other medical or psy¬ 
chiatric condition required their evacuation. 

The Korean and Vietnam wars were more limited 
in scope, even though the Korean War involved 
large-scale land and air campaigns, and the Vietnam 
War lasted longer than World War II. The overall 
mission, politically and militarily, in both these latter 
conflicts was less clearly defined than it was in 
World War II. Both represented combat phases of 
the much-longer global Cold War between the 
United States and its allies and the Soviet bloc of 
nations. The desire to limit the spread of communism 
was balanced by the fear of extensive involvement 
in a land war against the communist superpowers. 
Ground efforts were limited geographically and 
bombing missions for aircraft were tightly controlled. 

Politically, the Cold War was marked primarily 
by postures of conventional warfare, wars of national 
liberation, terrorist groups of various ideological 
commitments, and nuclear deterrence. The world 
was roughly divided into a Western bloc plus Japan 
and other Pacific nations; a Communist block that 
included the Soviet Union, the Warsaw Pact nations, 
and the People's Republic of China; and third-world 
countries, many of which varied in their alliances 
between the Western and Communist blocs. Mili¬ 
tarily, it was characterized by global deployment. 


Large numbers of US personnel were assigned to 
installations in Europe and Asia to preclude overt 
aggression by Communist forces. The US Navy and 
Air Force developed and deployed highly advanced 
weapons platforms. Deployments could generally 
be planned and careers scheduled around deploy¬ 
ment cycles, particularly in the Navy. Even though 
separation from families and the high tempo of 
training took their toll, there was seldom a direct 
threat of loss of life and limb, as compared with war. 

With the fall of the Soviet Union and the collapse 
of the Warsaw Pact in 1989, multiple areas of re¬ 
gional instability became the focus of US political 
leadership. The military forces of the United States 
have taken on new missions and roles that challenge 
the capabilities and ingenuity of service members 
and their military and civilian leaders. Much of the 
deployment effort is now shared by active duty and 
reserve units, which are often activated and de¬ 
ployed for several months. Differences in training, 
experience, and equipment between active duty and 
reserve units and the short-notice activation of units 
have proved highly disruptive to both the military 
and family environments. 

Current US National Strategy 

The National Security Strategy for the United 
States was outlined in a White House publication. 1 
The United States must be able to respond to cri¬ 
ses, such as threats to vital national interests. These 
interests are of broad, overriding importance to the 
survival, safety, and vitality of the nation, and they 
affect both national well-being and the character of 
the world. Among these are humanitarian crises, 
natural disasters, and manmade disasters or gross 
violations of human rights that demand action. For 
the foreseeable future, the United States and its al¬ 
lies must be able to deter and defeat large-scale 
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cross-border aggression in two distant theaters with 
overlapping time frames. This scenario includes the 
rapid defeat of initial enemy advances, victory 
against an enemy that may use unconventional ap¬ 
proaches, and successful transitions from multiple 
small-scale contingencies to major wars. 

The second group of threats are transnational and 
involve terrorism, international crime (eg, traffick¬ 
ing in drugs and illegal arms), environmental dam¬ 
age, and intrusions into information infrastructures. 
They have filled the vacuum left by the fall of the 
Soviet Union and the end of the Cold War. The third 
group of threats is composed of smaller-scale con¬ 
tingencies, operations which fall short of major-the¬ 
ater warfare, including humanitarian assistance, 
peacekeeping missions, disaster relief, maintenance 
of no-fly zones, reinforcement of key allies, and lim¬ 
ited strikes and interventions. 

The current period is also characterized by po¬ 
litical disagreements between various political 
groups and branches of the US government con¬ 
cerning national strategic goals. These disagree¬ 
ments create distinctive problems for the military 
that receives its orders from the Executive Branch, 
but its funding from the US Congress that may or 
may not support the strategic goals established by 
the president. Such conflicts have obvious implica¬ 
tions for the welfare of the service member, since 
the success of a particular mission often depends 
on unity of purpose to support the deployment. 

Environmental, Psychological, and Moral 
Factors in Operational Stress 

With the diversity of military missions in the 
modern era, a systematic method is needed to accu¬ 
rately predict, assess, and minimize their negative 
psychological aspects. One approach is to catego¬ 
rize the various types of risks. Environmental factors 
include weather, geography, terrain, ease of com¬ 
munication, noise, availability of adequate food 
and shelter, presence or threat of disease, and tox¬ 
ins or fear of toxins (eg, chemical and biological 
agents). Psychological factors encompass those in¬ 
dividual and interpersonal aspects of situations to 
which individuals and units respond negatively. 
Moral factors relate to the individual's or unit's 
overall sense of the rightness or worth of the cam¬ 
paign. These environmental, psychological, and 
moral factors affect individual and unit perfor¬ 
mance. Similar concepts appear in the discussion 
of the environment of combat in Army Field Manual 
100-5, Operations. 2 


Environmental Factors 

Environmental risks can be assessed based on 
known or predictable conditions of deployment, 
although adequate intelligence about local condi¬ 
tions is often lacking. The tempo of operations will 
affect sleep, hygiene, nutrition, hydration, and fa¬ 
tigue. The degree to which military personnel are 
affected by the environment may depend on their 
sensitivity to its influences. Age, physical fitness, 
presence of medical or psychiatric illnesses, and 
response to medications (including prophylactic 
medications) can affect sensitivity. The effect of the 
environment can be modified by equipment deployed 
with the forces to counter such threats. Unfortu¬ 
nately, unanticipated negative consequences of 
equipment and systems failures can result in an¬ 
other source of environmental risk. A commander's 
desire to avoid any harm to personnel can result in 
excessive use of personal protective equipment. 
This may increase the negative impact of environ¬ 
mental factors and actually create casualties. 

Psychological Factors 

Psychological factors operate at individual and 
group levels. Each service member has a unique 
history of experiences that set the framework for 
the perception and interpretation of current expe¬ 
riences. Successful relationships and positive per¬ 
formances build confidence and resiliency, while 
broken trusts and failures lead to isolation and pes¬ 
simism. Units have a collective character that is 
formed over time. Appropriate communication, re¬ 
spect, and mutual support build team spirit and 
cohesion. Active, realistic training and prior suc¬ 
cess in combat build unit confidence and initiative. 
Frequent reorganizations, rapid turnover of person¬ 
nel, and limited communication lead to behavior 
that is not cohesive. Limited training and assign¬ 
ment to operations in which the mission is poorly 
defined and success difficult to measure will erode 
the confidence of the unit. 

Moral Factors 

The military services provide a means to accom¬ 
plish the political goals and strategies of national 
leadership. Clausewitz described the trinity of the 
military, political leadership, and the people. He 
believed that there must be an alignment of the three 
to ensure success in war. In most instances, the lead¬ 
ers are attuned to the moral tone of the nation and 
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TABLE 48-1 

ENVIRONMENTAL STRESSES AND MITIGAT¬ 
ING FACTORS 


TABLE 48-2 

PSYCHOLOGICAL STRESSES AND MITIGATING 
FACTORS 


Environmental Stress Mitigating Factors 


Psychological Stress Mitigating Factor 


Weather: heat, cold, rain, 
mud 

Toxins: biological and chem¬ 
ical weapons 

Disease: airborne, insect 
vector, direct contact 


Weapons systems 


Shelter, proper clothing, 
warming tents, rotation of 
personnel 

Available MOPP , education 
briefings concerning actual 
threat 

Prophylaxis if available, 
repellents, barrier protec¬ 
tion, education about pre¬ 
vention and briefing about 
actual threat 

Armor, dispersion, training 
to respond, briefings on 
actual threat 


* 

Mission-oriented protective posture 


their use of military forces is seen as good. When 
this occurs, the people of the nation are supportive 
of the service members at many levels, from per¬ 
sonal support of family members to positive na¬ 
tional media coverage. 

At times, military and political goals may be 
unclear or poorly stated. In many instances, goals 
may seem mutually exclusive. For example, it 
may seem correct to help preserve the internal 
security of another country and yet undesirable 
to use deadly force to stop civilians or paramili¬ 
tary personnel whose views differ from those of 
the national leader. It is the nature of the US de¬ 
mocracy to question the goals of its leadership, 
which may lead to questions of whether the na¬ 
tion is engaged in a worthwhile and morally cor¬ 
rect endeavor. Once this occurs, the support for 
the military forces may diminish. Some portion 
of media coverage may speak out against mili¬ 
tary actions, family members may question the 
need for the hardship of separation and the threat 
of death or injury, and individual service members 
may begin to doubt their role in the operation. 
These factors have a direct effect on the psycho¬ 
logical well-being of individuals and units. This 
creates the potential for shifting political support 
for most any strategic initiative. For example, 
during the Vietnam War changes in policies par- 


Personal fears and doubts 


Lack of effective 
communication 


Poor unit cohesion 


Sleep deprivation 


Casualties of boredom: sub¬ 
stance abuse, reckless 
behaviors, sexual 
promiscuity 


Briefings regarding actual 
threats, training in realistic 
environments, "buddying" 
new personnel with sea¬ 
soned veterans 

Education at all levels on 
appropriate means of passing 
information, encouraging 
initiative within proper 
bounds of rank and respect 

Leadership, limit changes in 
personnel and routine, train 
in environment and condi¬ 
tions likely to be encountered, 
foster cohesion through addi¬ 
tional team-building events, 
such as organized sports 

Forced rest periods, noise 
attenuation, sleep hygiene 
education 

Maintain active training sched¬ 
ule (even when deployed), 
provide clear limits to be¬ 
havior and apply appropriate 
and uniform punishment 
for infractions 


alleled changes in US public opinion and support 
for the war between 1963 and 1973. 3 

This background provides examples of contexts 
for performing a situational assessment of environ¬ 
mental, psychological, and moral factors likely to 
affect individual and unit performance within the 
myriad of possible operational assignments. Quan¬ 
tification of the degree and duration of stress can 
be balanced against positive factors that provide for 
resiliency and endurance. Lists of some environ¬ 
mental stresses and mitigating factors are provided 
in Table 48-1 and some psychological stresses and 
mitigating factors in Table 48-2. A commander's 
impact on moral factors may vary with rank and 
with operational contingencies. Commanders must 
be aware of the influence of moral factors in deter¬ 
mining their impact on the service member and the 
family. 
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STRESSORS IN MAJOR DEPLOYMENTS IN THE 1990s 


Many persons involved in the diverse US military 
operations of the 1990s have described a variety of 
stressors that affected the health of individuals as¬ 
signed to those operations. In the discussion that 
follows, elements of stress are identified as envi¬ 
ronmental, psychological, or moral. Although there 
are persistently similar themes in these operations, 
some were unique, and the surveillance systems 
and nomenclature used to identify and track them 
were as varied as the missions themselves. 

The Persian Gulf War: Operations Desert Shield 
(Aug '90-Jan '91) and Desert Storm (Jan-Mar '91) 

Environmental 

Some of the commonly reported stressors of this 
conflict were the rapid and unexpected activation 
of the operation, exposure to Scud missile attacks, 
anticipation of possible chemical or biological at¬ 
tacks, austere living conditions, environmental pol¬ 
lution, and instantaneous media coverage of the 
war. 4 

Psychological 

Major psychological stressors for those in the 
French Army were serving under the United Na¬ 
tions banner, imposed passivity in the face of the 
rules of engagement (no ripostes), not being able to 
distinguish allies from the enemy, difficulty of 
communications, discomfort, lack of security, the 
inability to change the complex social problems, and 
the threat of attack with chemical weapons. 5 The 
major sources of chronic psychological stress re¬ 
ported by US forces were long duty days, exten¬ 
sive time spent in chemical protective clothing, lack 
of sleep, crowding, lack of privacy, physical work 
load, boredom, and lack of contact with family. 6 
Directly experienced stressors were the danger of 
being killed or wounded, being fired on by the en¬ 
emy, and seeing dead bodies. The threat of weap¬ 
ons of mass destruction was more stressful than 
actual events. This was understandable since few 
service members had any actual contact with the 
enemy. In addition to these stressors were the need 
for special immunizations and prophylactic drugs 
to protect against chemical and biological agents. 
The use of such measures may create uncertainty 
on the part of the service member regarding their 
potential health effects. 


Moral 

The US force that deployed was well-equipped 
and had a good sense of mission, a low frequency 
of disciplinary problems, and a high degree of co¬ 
hesion. Alcohol and other drugs of potential abuse 
were not factors in this conflict because of Islamic 
laws forbidding their use in Saudi Arabia, where 
most US personnel were located. 7 There was also a 
high level of support from home, and a large num¬ 
ber of mental health personnel were available for 
consultation in the theater. 

Somalia: Operations Restore Hope (Dec '92-May 
'93) and Continue Hope (May '93-Mar '94) 

Environmental 

Disease is rampant in Somalia. The extent of dis¬ 
ease, however, was unknown because of the lack of 
a medical establishment that could collect reliable 
epidemiologic information. Service members faced 
a lack of sanitation, diverse insect populations, a 
hot and humid climate, and large numbers of seri¬ 
ously ill Somalis. 8 In such a situation, there should 
be cooperative efforts among command, preventive 
medicine, and mental health personnel to solve 
operational problems. For example, some Marines 
in Somalia perceived insect repellent use as inef¬ 
fective and unpleasant because it caused dust to 
cake on their skin and showers were not available. 9 
Limitations of the agents (in this case, insecticide) 
and human responses to those limitations can be a 
problem in such an environment. Command moni¬ 
toring of such behavioral aspects of a primarily pre¬ 
ventive medicine problem should be a priority. 

Psychological 

The mission lacked clear policies for redeployment 
or recreational leave, and people faced austere, dan¬ 
gerous working conditions and the challenges of 
working with personnel with different languages, 
customs, and work methods. 10 Adherence to pre¬ 
ventive policies and programs can also be affected 
by the operational environment. For example. Ma¬ 
rines did not use their bed nets (suspended on poles 
above their cots) because the apparatus made them 
bigger targets. Psychological factors and preventive 
medicine policies also intersected when it was noted 
that service members forgot to take doxycydine (an 
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Figure 48-1. "On Watch, Somalia" by Jeffrey Manuszak. 
Security operations in a deployed environment may re¬ 
quire service members to interact with, work with, and 
challenge people of different cultures, who may speak a 
different language and have unfamiliar customs. This 
may be particularly difficult, as in Somalia, when hostile 
actions had been taken toward US military personnel. 
Art: Courtesy of Army Art Collection, US Army Center 
of Military History, Washington, DC. 


antimalarial drug) because of too little sleep and 
irregular schedules. 9 

Moral 

Toward the end of the mission, public support 
for the US military's role in Somalia had eroded. 10 
Personnel were confined to compounds, sorrowful 
over the deaths of 26 of their comrades in an am¬ 
bush in downtown Mogadishu, resentful of an ill- 
defined mission, angry at some Somalis, homesick, 
and bored (Figure 48-1). Additional stressors were 
the lack of a return date and poor communication 
with home. 10,11 

Haiti: Operation Uphold Democracy (Sep '94-Apr '95) 
Environmental 

In Haiti, many US military personnel had to live 
in tents and cope with heat, insects, rodents, and 
tarantulas. Commanders tried to increase the sup¬ 
ply of hot food, showers and latrines, laundry and 
recreational facilities, and air conditioning. There 
were significant risks to personnel of sexually trans¬ 
mitted and diarrheal diseases. There was also the 


need to use insecticides because malaria and den¬ 
gue fever were considered health risks for the US 
personnel assigned to Haiti 12 (Figure 48-2). 

Psychological 

The passive posture forced on US personnel af¬ 
ter they had been prepared for a combat invasion 
may have played a role in the number of early psy¬ 
chiatric presentations. There were 233 psychiatric 
visits and 15 air evacuations among 20,000 US per¬ 
sonnel during the first 4 months in Haiti. 13 

Moral 

It was difficult to gauge the public tolerance for 
this mission. There was relief that a combat inva¬ 
sion was avoided, but there was not any apparent 
enthusiasm for the mission, either. It seems that 
public interest in a deployment rapidly fades as the 
media discontinues its coverage. 

Bosnia: Operation Joint Endeavor (Dec '95- 
Present) 

As of 2000, the US deployment to Bosnia has 
taken on additional missions, such as the return of 
refugees displaced by the civil war. There is no end 
in sight to this deployment, so additional charac¬ 
teristics are bound to appear in the future. 



Figure 48-2. US military operations often take place in 
the midst of local cultural activities. A Haitian man leads 
a donkey past US Army soldiers providing security for 
US Navy Seabee Engineers as they build a road and 
bridge in the outskirts of Port-au-Prince, Haiti. 

US Army photograph. 
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Figure 48-3. Deployed service members often must face 
dangerous tasks for which they might have had little or 
no training. Because conflict in the town of Zitinje in 
Kosovo had been high, US Army soldiers were required 
to search every home, animal pens not excluded, and 
confiscate any automatic weapons found. 

US Army photograph by SPC Daniel Ernst. 


Figure 48-4. US Army soldiers in Bosnia may be asked 
to perform civil affairs missions and other missions for 
which they may not have been trained. US Army sol¬ 
diers patrol through a village of Donje Dubrave near 
Tuzla, Bosnia, to assess the attitude of the local people 
and to gather information. 

US Army photograph. 


Environmental 

In Bosnia, the 20,000 troops of the United Na¬ 
tions Implementation Force faced environmental 
risks from severe cold and wet weather, poor 
roads, and undetected land mines. 14 They also 
faced health threats from poisonous snakes and 
spiders, environmentally related diseases, and 
foodborne, waterborne, and insect-borne disor¬ 
ders 15 (Figure 48-3). 

Psychological 

Some personnel specifically referred to the mo¬ 
notony of their existence. 16 The most frequently 
cited stressor was the unclear length of the deploy¬ 
ment. 17 The initial reports from Bosnia detailed 
many personal difficulties, such as loneliness, and 


the stress of dealing with environmental factors. 
These included mud, cold, rain, snow, fog, unheated 
latrines and showers, prefabricated quarters heated 
by kerosene heaters (which require an all-night fire 
guard), and wearing protective clothing and battle 
gear weighing approximately 45 pounds in some 
duty areas (Figure 48-4). 

Moral 

US forces, as a part of a North Atlantic Treaty 
Organization mission, were sent to Bosnia on 20 
December 1995 to enforce the Dayton Peace Accords 
and to help return refugees to their homes. It was 
announced that the mission would last 1 year. 18 As 
of 2000, US personnel are still deployed there. Only 
time will tell the effect of public opinion on the 
mission and personnel stationed there. 


PSYCHOLOGICAL EFFECTS OF PREDEPFOYMENT, DEPLOYMENT, 
AND REUNION ON THE SERVICE MEMBER 


It is hard to separate the factors that affect ser¬ 
vice members and those that affect the family. While 
there some factors that affect only the service mem¬ 
ber and some only the family, distinctions are some¬ 
what arbitrary and most of what affects the service 
member will also affect the family. 


Predeployment 

When notified of a deployment, the individual 
must be prepared to move rapidly from a normal 
work, training, and home environment to a distant 
theater of operations. Commanders are usually not 
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well informed about the time parameters of deploy¬ 
ments. Often, criticism and suspicion of commanders 
begins early when the soon-to-be-deployed do not 
know how long they will be away. Commanders are 
sometimes suspected of holding back information or 
lying. Departures are often delayed again and again; 
multiple good-byes are stressful and a bad way to 
leave home. Frequently, the national leadership is not 
helpful. Leaders may state that the deployment will 
begin and end on a certain date only to change the 
mission and its time frame as political and policy fac¬ 
tors change. Such changes have important implica¬ 
tions for the morale and stress level experienced by 
personnel and their families. 

Specific policies and treatment procedures 
should be in place before deployment. As the real¬ 
ity of the deployment evolves, medical and psychi¬ 
atric recommendations will need to be modified to 
deal with special situations and difficulties that will 
emerge. The need to institute preventive measures 
can meet resistance from command, individual ser¬ 
vice members, and caregivers. This is particularly 
true when psychiatric and behavioral issues are in¬ 
volved. Medical staff officers advising the highest 
levels of military leadership must be of appropri¬ 
ate rank, experienced in both the military and medi¬ 
cine, and trusted by the leadership. 

Unit readiness should be known before deployment. 
Elements of unit readiness include determining if 
units have (a) been assigned appropriate personnel 
for their assigned authorizations, ( b ) trained well and 
regularly together, (c) reduced the number of indi¬ 
viduals with significant medical profiles, and ( d ) have 
on file current family support plans. Each of these 
topics can be measured with existing data using per¬ 
sonnel and unit readiness evaluation systems. 

Depending on Department of Defense, service- 
specific, and mission-specific policies and needs, 
some individuals may be excluded from the deploy¬ 
ment. All profiles that limit individuals from full 
duty should be reviewed. The potential need for 
mental health consultation and services should be 
anticipated, and the location and capability of men¬ 
tal health assets known. 

Unfortunately, the outcome of deployments de¬ 
pends on tactical and political factors unknown at 
the time of deployment. Even if all the factors cited 
above are optimal, success is not assured. Com¬ 
manders must face multiple demands at times of 
deployment. The requirement to act rapidly with 
limited logistical resources may require the com¬ 
mander to accept greater risk than special staff of¬ 


ficers consider desirable. 

The state of predeployment readiness will affect 
how a unit adapts to the new environment. Many 
education and training programs are available and 
should be used before notification of a deployment. 
From a psychological perspective, stress-relief plans 
should be considered by commanders for service 
members since almost all deployments have had 
long periods of waiting. Waiting and boredom go 
together and create unnecessary stress. Each de¬ 
ployed service member should have a plan to pre¬ 
vent boredom. Unit leadership responsible for as¬ 
suring regular work schedules should also allocate 
resources and plan time for rest and recreation. This 
includes supplying reading and military-specific 
course material, organizing recreational excursions, 
encouraging sporting events, regular unit training 
schedules (eg, establishing rifle and pistol ranges), 
and physical fitness training. 

All personnel (including medical staff) should be 
fully trained in as realistic an operational environ¬ 
ment as possible. People should expect to work in 
austere and sometimes rugged environments. Such 
conditions will require equipment, technology, and 
treatment approaches appropriate to the conditions. 
The capacity to develop work-arounds and to use 
field-expedient solutions is critical to achieving 
success. Because the medical doctrines and termi¬ 
nology of the services often differ, an essential 
component of predeployment training is address¬ 
ing differences in doctrine and equipment of the US 
services and those of its allies and the host country. 
Operational failures that result from inadequate or 
unrealistic training can raise anxiety and uncer¬ 
tainty to the level of major stressors. By taking the 
steps noted above, this can be prevented. 

Deployment 

Commonly Identified Stressors 

There are a number of stressors that are common 
in almost any deployment. Many of the stressors that 
were identified by Menninger 19 during World War II 
are still present: uncertainty, separation, privations, 
bombing in noncombat areas, isolation, climate, dan¬ 
ger, fatigue, and differences in status and privilege 
among ranks and services. Other stressors are the 
length of the deployment, the degree of security 
(which may not allow adequate communication with 
family members or friends), boredom, and interrup¬ 
tion of future plans (Figure 48-5). 
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Figure 48-5. A soldier returns from a deployment to see 
his newborn son for the first time. Deployed service mem¬ 
bers often complain of missing births, deaths, and other 
important events in the lives of their family members. 

US Army photograph. 


Phases of Deployment 

Deployment may be thought of as occurring in 
three phases: an arrival period lasting days to 
weeks, a middle period that goes on for most of the 
deployment, and a terminal period that starts when 
service members are notified of their return date. 
Each period creates stresses on the service member 
that may affect the service member and last for a 
variable length of time. In addition, concerns about 
service and personal matters (eg, finances, unit pro¬ 
cedures, career advancement, the future of one's 
life) do not disappear on deployment. 


Vietnam War, each tour was limited to 1 year (actu¬ 
ally 13 months within the draft period of 2 years of 
active duty) and, because of this rotation policy, 
each individual experienced his or her own early, 
middle, and late portion of deployment. Within the 
year in Vietnam, characteristic patterns of stress 
were interpreted based on the time in country. For 
example, Morris 20 described the phases of time for 
225 noncombatant psychiatric patients in Vietnam, 
referred for treatment at Cam Ranh Bay, an Air Force 
field hospital in a secured area. Referrals were most 
frequent during the initial adjustment period, 
around the end of the first month. Separation from 
families was the most important precipitating fac¬ 
tor (Figure 48-6). A second wave of referrals was 
seen between the fourth and sixth months, and this 
was called the "over the hump" phenomenon be¬ 
cause these psychiatric problems tended to disap- 



Passage of Time During Deployment 

Time is a prominent issue in the prevention as 
well as the development of psychiatric disability in 
deployment and war. During World War II, person¬ 
nel served for the duration of the war. During the 


Figure 48-6. "Two Minutes at Home" by SSG Brian 
Fairchild. In spite of modem communication media, such 
as e-mail and cell phones, a letter from home is still the 
most valued form of support to deployed service members. 
Art: Courtesy of Army Art Collection, US Army Center 
of Military History, Washington, DC. 
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pear once personnel reached the midpoint of their 
tours. The service members participated in a kind 
of social ritual involving the parceling of time. Each 
parcel was a landmark; the person could aim for it 
and so reduce tension and renew the sense of hope. 
This served as an apparently effective way to cope 
with everyday stress. 

Pincus and Benedek 17 observed that once soldiers 
were alerted for deployment to Bosnia they were 
already "psychologically deployed." Their sense of 
being "truly" deployed changed once they were on 
the ground in Europe and again when they crossed 
the Sava River and saw the destruction that had 
been caused by the war. 

People pay attention to and use time differently in 
ways that may or may not be helpful. Time bound¬ 
aries are often unclear in operational circumstances, 
and stages of deployment are but rough indicators 
of psychological processes that may or may not oc¬ 
cur in service members and family members. 

Deployment Stresses for Women 

Chapter 18, Health Care for Women in Mobiliza¬ 
tion and Deployment, provides an extensive discus¬ 
sion of health issues for military women who may 
deploy. This chapter will detail only issues of 
women exposed to combat and other trauma. A dis¬ 
cussion of military women as single parents is cov¬ 
ered under the section on children in this chapter. 



Figure 48-7. US Army women are assigned to some avia¬ 
tion units. Aviation missions are an important part of 
peacekeeping duties. In this photo, a female US Army 
officer prepares to fly a route reconnaissance mission over 
the city of Brcko, Bosnia. 

US Army photograph by SPC Ricardo Gordon. 


During fiscal year 1991, active duty female sol¬ 
diers made up 9.1% of the US Army. It was reported 
that 49,950 women were deployed to the Persian 
Gulf during Operations Desert Shield and Desert 
Storm. 21 The large numbers of active duty and Re¬ 
serve component women that are likely to be 
deployed will require the military services to con¬ 
sider new policies for social and operational inter¬ 
actions of men and women and provide additional 
health care resources for women. For example, ele¬ 
ments of privacy for housing may impact on unit 
cohesion. 

The exposure of women to combat trauma is by 
no means new (Figure 48-7). Women are also ex¬ 
posed to high levels of trauma, particularly in mod¬ 
ern warfare where battle lines not clearly defined. 
Of the traumatic experiences of women in the Per¬ 
sian Gulf War, among the most prominent are Ma¬ 
jor Cornum's experiences as a prisoner of war 22 and 
the Scud missile attack that produced female casu¬ 
alties. 23 There were five reported deaths of women 
from hostile causes in the Persian Gulf War. 24 

Among troops returning from the Persian Gulf 
War, Army females were more symptomatic than 
males in response to certain war zone stressors, at 
least during the immediate postdeployment phase 25 
(Figure 48-8). Because certain variables were not 



Figure 48-8. Military women must often carry weapons 
and perform the same duties as men. This soldier is on 
perimeter security duty with her M249 Squad Assault 
Weapon during a cordon and search mission in the vil¬ 
lage of Ugljare, Kosovo. 

US Army photograph by SSG Milton H. Robinson. 
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controlled, such as prior sexual and criminal victim¬ 
ization experiences and sexual harassment during the 
deployment, these results should be interpreted 
cautiously. Some war zone stressors are likely to 
affect men and women differently as the nature of 
deployment missions continues to evolve. As women 
have more medical complaints and seek medical 
care more in civilian life than men, it should not be 
surprising that they would do so in military life. 

In addition to the trauma of exposure to combat 
is the risk of interpersonal violence and sexual ha¬ 
rassment. 26 Deployed military women were found 
to have higher rates of sexual and physical assault 
and sexual and verbal harassment than were typically 
found in civilian or peacetime military populations. 27 
Sexual assault had a larger impact on post-traumatic 
stress disorder (PTSD) than combat exposure, and 
frequency of physical sexual harassment predicted 
PTSD symptomatology. However, the level of com¬ 
bat exposure was particularly low compared with 
Vietnam and the effects of combat and other stres¬ 
sors may differ across contexts. 

The effect of deployment on spousal abuse has also 
been a matter of concern for the military. In a study of 
active duty Army personnel, a small increase was 
found in the probability of severe self-reported ag¬ 
gression for men and women who had deployed in 
the past year compared with those who had not de¬ 
ployed, and the increase was positively related to the 
length of deployment. The rate of severe aggression 
was from 3.7% to 4.1% for no deployment and in¬ 
creased to 5% for a deployment of 6 to 12 months. 
Thus, it was not solely the deployment that accounted 
for the severe aggression, but the longer the deploy¬ 
ment the more likely the severe aggression becomes. 28 

During the Persian Gulf War, a significant num¬ 
ber of mothers were deployed for the first time in 
American history, although there is no accurate 
count of these women. 29 A study 30 of deploying 
Navy mothers found higher levels of anxiety and 
parenting stress in women anticipating deployment 
than those who had recently returned. Single moth¬ 
ers reported more separation anxiety, less family 
cohesiveness, and less family organization than 
did married mothers. Maternal adjustment to a 
husband's deployment can vary with the type of 
deployment. For a routine deployment, maternal 
depression was highest at predeployment and pro¬ 
gressively decreased at middeployment and 
postdeployment. For mothers whose husbands 
were deployed to the Persian Gulf War, significantly 
more depression was reported at predeployment 
and middeployment than at postdeployment, and 


more dysphoria was reported at predeployment 
than at middeployment or postdeployment. There 
has been very little recent research on the deploy¬ 
ing single fathers and their children, although one 
study 31 found that single Air Force fathers adapted 
well to separation. 

Prior War Zone Experience 

Prior deployment experience, particularly to a 
combat zone, can have significant effects on an in¬ 
dividual. In some cases, an individual may be "in¬ 
oculated" or "sensitized." Inoculation occurs when 
an experience provides an individual the opportu¬ 
nity to become more resistant to stress, such as by 
learning new skills and overcoming personal fears, 
an attitude of "I can take it." Sensitization is the 
opposite. The individual has suffered because of a 
prior experience. It is not wise to assume that just 
because an individual has had deployment or com¬ 
bat experience that the person will do well or will 
assist others. Experienced individuals can provide 
useful positive leadership, but in some cases, they 
may become liabilities by providing a negative 
message to the inexperienced that their lives will 
be ruined by their deployment experience or that 
they will never return home. These messages can 
have an effect on the morale of others, particularly 
younger, inexperienced personnel. 

In some cases, earlier trauma can influence the 
reaction to the current conflict, or symptoms might 
actually be a result of that prior conflict and not the 
current one at all. A review of the records of medi¬ 
cal discharges for PTSD given by the Army to sol¬ 
diers who served in the Persian Gulf War found that 
35% of these soldiers had also served in Vietnam. 32 
About one-half of this group developed PTSD in 
anticipation of deployment to the Persian Gulf and, 
presumably, exposure to a combat environment. 
Also, soldiers with prior Vietnam service had odds 
ratios for PTSD that were between 5 and 24 when 
compared with soldiers without Vietnam service. 
These results indicated that for some service mem¬ 
bers with prior war experience, the threat of another 
exposure is sufficient to exacerbate existing symp¬ 
toms or provide a new episode of PTSD. However, 
it should be noted that some literature indicates that 
risk of later PTSD is not increased by trauma but is 
increased by having had symptoms of PTSD. Vic¬ 
tims of a motor vehicle accident with a history of 
PTSD were 8.02 times more likely at 1 month and 
6.81 times more likely at 3 months to have PTSD 
than those without a history of PTSD. 33 
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Coping With Deployment: A Navy Example 

On war ships, the tempo of maintenance, drills, 
and standing watch keep the crew busy. On hospi¬ 
tal ships, in contrast, there are extensive periods 
when the medical staff has little or nothing to do. 
Yerkes 34 described the stressors and coping strategies 
of the personnel unexpectedly assigned to the naval 
hospital ship USNS Comfort during its deployment 
to the Persian Gulf in August 1990 (Figure 48-9). 
The deployment of large numbers of medical per¬ 
sonnel to sea duty was unusual at that time. Thus, 
most of the personnel were not used to working as 
a team and new rules had to be worked out. Mul¬ 
tiple ship failures contributed to a lack of confidence 
in the ship and to feelings of helplessness and de¬ 
fenselessness. Information and mail were both slow 
and sporadic. The ship traveled alone for most of 
its trip. The prevalent feeling of abandonment led 
to personal interpretations of events. Feelings of 
grief were also seen due to personal losses such as 
loss of loved ones, coworkers, well-habituated shore 
positions, and physical security. The duration of the 
deployment was unknown, and there was no es- 



Figure 48-9. The hospital ship USNS Comfort (T-AH- 
20) is a large ship, about the size of a supertanker, with 
12 operating rooms and a 1,000-bed capacity. The ship 
can be activated and crewed within 5 days, often by per¬ 
sonnel who do not know each other. A vessel this large 
can present the command with problems of lack of cohe¬ 
sion among the crew as well as feelings of vulnerability 
when she travels unaccompanied by combat navy ves¬ 
sels. Unlike warships, on which the crew is constantly 
training and conducting maintenance, the medical crews 
of the hospital ships have long periods of boredom when 
the ship is not actually receiving casualties from ashore. 
US Army photograph. 


tablished rotation date. 

Coping strategies included a variety of psycho¬ 
logical defenses: humor (including pranks, songs, 
and stories), overeating, overexercising, and over¬ 
working. Group identification, after it formed, 
helped people feel that they were not alone. Space, 
time, and symbols such as different uniforms cre¬ 
ated boundaries. Some individual creativity was 
discouraged in favor of group norms. Some specific 
strategies recommended to help the crew adapt in 
future deployments included immediate assign¬ 
ment to a berthing and work center to create a sense 
of belonging, a visible administrative command, a 
flexible chain of command, training to foster an 
individual's sense of competency, and support for 
individuality and creativity as long as it does not 
interfere with group norms. 

Stresses Encountered Before the Return Home 

Some soldiers were frustrated at the perceived 
unfairness of their failure to return home follow¬ 
ing the end of the ground phase of the Persian Gulf 
War. 35 Some feared that they had been forgotten and 
were being left in Saudi Arabia. Among the present¬ 
ing complaints were lethargy, suicidal and homi¬ 
cidal ideation, irritability, and nostalgia. In some 
cases, the symptoms became worse as a return date 
became more firm. This was described as "finish 
line fever," which may be a variation on or another 
name for short-timer's syndrome. 

Substance Abuse 

Drug and alcohol abuse must be considered as 
potential problems in any deployment. In the Viet¬ 
nam War, drug abuse developed as a significant 
military and societal problem. It had not been an¬ 
ticipated and was, for a period, treated as a psychi¬ 
atric problem. From 1960 until the Tet offensive of 
1968, there was an extremely low rate of psychiat¬ 
ric casualties. As American involvement in combat 
intensified from 1966 through 1968, this rate rela¬ 
tively remained low but began to rise in late 1969. 36 
Much of this rise in psychiatric casualties was based 
on drug abuse. Drug abusers were sometimes 
placed in the psychiatric category of character and 
behavior disorders. By 1971, a full-scale heroin epi¬ 
demic had been recognized in Vietnam as well as 
in the United States. 37-39 The availability of relatively 
pure, cheap heroin made it the drug of choice. There 
was a difference of opinion about whether the in¬ 
crease in drug abuse was due to military duty in 
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Vietnam or was a minor problem and unrelated to 
the US presence there. 40 Studies demonstrated that 
combat units were no more likely to have a high 
percentage of drug abuse (measured by positive 
urinalyses on leaving Vietnam) than support units. 
However, by about August 1970, senior command¬ 
ers recognized that heroin use by their personnel 
was a serious problem. 41 One of the major responses 
to the drug epidemic in Vietnam was to institute a 
urinalysis screening program for service members 
leaving Vietnam, and drug treatment programs 
were initiated throughout the service worldwide to 
handle increasing problems of drug and alcohol 
abuse. 38 

These factors demonstrate the influences of the 
overseas context but also indicate that trends in 
behavior found their most basic roots in American 
cultural behavior. Control of the illegal drug use in 
Vietnam required the combined efforts of many 
branches of the military services, including command¬ 
ers, law enforcement and treatment agencies, and 
personnel to plan, administer, and evaluate the uri¬ 
nalysis program, perform epidemiological surveys, 
and conduct drug abuse education programs. It also 
encompassed major research efforts in Vietnam and 
the United States. 41 Prudence requires that military 
medical personnel be prepared for future drug and 
alcohol abuse problems that will create their own 
unique challenges in a deployed environment. Vari¬ 
ous programs to provide alternative behaviors 
should be provided (eg, hobby shops, USO [United 
Service Organizations] entertainment and tours, 
sports competitions, and physical fitness facilities). 

Surveillance During Deployment 

A mental health surveillance system is needed 
to enhance the capability of current surveillance 
methods so that an assessment of psychosocial fac¬ 
tors is possible. A targeted psychosocial assessment 
can produce recommendations to counter effects of 
stressors. These countermeasures can later be as¬ 
sessed for effectiveness. Results can be compared 
with the lessons of other deployments and a classi¬ 
fication of stressors and countermeasures devel¬ 
oped. Such a model should involve both preven¬ 
tive medicine and behavioral science personnel, 
blending the traditionally medical with the psycho¬ 
logical. Such a model should be more effective in 
preserving the health of service personnel than ei¬ 
ther approach alone. 

A surveillance procedure to monitor injuries, dis¬ 
eases, and accidents, as well as psychosocial prob¬ 


lems (eg, substance abuse, low unit cohesion), may 
help highlight specific commands or units that are 
under greater stress and would benefit from psy¬ 
chiatric consultation (Figure 48-10). During the ar¬ 
rival period, personnel are likely to be affected by 
the loss of the familiar home and work environment, 
cultural change, jet lag, and sleep disturbances. 
During the middle phase of the deployment, sur¬ 
veillance should include outcome review of medi¬ 
cally evacuated patients to determine if there are 
particular types of complaints or behaviors that are 
likely to result in an individual being evacuated. It 
is then critical to establish whether patients wish¬ 
ing to return home consciously or unconsciously 
developed a particular symptom pattern (sometime 
called an "evacuation syndrome") to achieve an 
acceptable escape from the stressors of deployment. 
If such a situation develops, it will be necessary to 
determine the appropriateness of medical evacua¬ 
tion policy guidelines. In the terminal phase of the 
deployment, once service members know they are 
going home, vigilance on the part of service mem¬ 
bers, command, and the medical staff becomes es¬ 
pecially important. It has been anecdotally noted 
that this is a time when some service members be¬ 
come careless and may be more prone to injuries 
and preventable disease. 

An example of a clinical mental health monitor¬ 
ing effort was undertaken in Somalia by an Army 
combat stress control unit, a corps-level asset that 



Figure 48-10. These soldiers are performing a "spur 
ride." The event is a tradition throughout cavalry units 
in the US Army. Spur candidates run around the camp 
to different events at Camp Demi in Bosnia. The pur¬ 
pose of the event is to build teamwork and confidence in 
the officers. Such activities are often important elements 
in building and maintaining unit cohesion. 

US Army photograph. 
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supplements the division mental health section. 42 
During predeployment, the stress control unit at¬ 
tempted to forecast the types of cases they would 
see and the types of medications they would need. 
They had expected to find service members trau¬ 
matized by seeing starving children or dead bod¬ 
ies. Instead, they found stresses similar to those of 
low-intensity guerrilla warfare: changing rules of 
engagement, shooting incidents in which US per¬ 
sonnel fired on Somalis, threats of violence, crowd 
control, and removing weapons from Somalis. They 
worked with preventive medicine personnel to visit 
the battalion aid stations, offered to see patients, 
and provided classes and consultations. This sys¬ 
tem provided an informal method of mental health 
surveillance. Classes focused on delineating the 
stresses on the soldiers, their reactions, and coping 
methods. Differences were found in the morale of 
the troops as the mission progressed and different 
stressors operated at different times. Among those 
encountered were environmental (eg, heat, sun, 
wind, noise), operational (eg, restricted travel, re¬ 
stricted missions), and personal stresses (eg, separa¬ 
tion from home, boredom, ethical questions, lack of 
communication with home). Importantly, they also 
described the differences between psychiatric evacu¬ 
ations and attempted administrative actions that 
would have used the medical system, if possible, to 
remove unwanted service members from Somalia. 

Reunion 

There has been less research on the reunion phase 
of deployment than on the predeployment phase 
and the deployment itself. Many have written about 
the problems that service members have on their 
return, and the psychological and somatic symp¬ 
toms that some suffer. There has been little focus 
on the less-symptomatic aspects of deployment and 
reunion, such as how individuals integrate their 
experiences (particularly of war and combat) into 
their own development in a positive way. Return¬ 
ees should be advised to keep an open mind and 
not be committed to the outcome they have antici¬ 
pated. Soldiers returning from Vietnam were ad¬ 
vised to anticipate difficulties they might have in 
coping to help them reintegrate with families and 
integrate into new military units. 43 

With the ready availability of airlift from distant 
locations to home, reunion can now occur very 
quickly. Even after the end of World War II, though, 
it appeared that military personnel were also quickly 
being returned home. Menninger noted that after 


the end of World War II, men were "catapulted" 19p365 
back into civilian life. Even weeks on a ship return¬ 
ing home were short when compared with years in 
a war zone. Many had readjustment problems and 
needed to dissipate hatred, envy, and resentment. 44 
During a combat deployment, fighting men en¬ 
dured the hell they were in by idealizing people and 
situations at home. The reality of their home situa¬ 
tion was obscured by long separation. Both loved 
ones and veterans needed extra patience and un¬ 
derstanding to weather the period of "factual 
refocusing." 19p367 

Postwar Physical and Psychological Symptoms 

Somatic and stress symptoms may occur following 
deployment. A small percentage of war veterans 
have experienced somatic syndromes. 45 These have 
been associated with a variety of descriptive names 
depending on the conflict and most prevalent symp¬ 
tom. After the US Civil War, Da Costa's syndrome 
was noted; in World War I, effort syndrome; in 
World War II, battle fatigue, combat exhaustion, or 
operational fatigue; following the Vietnam War, 
post-Vietnam syndrome; and following the Persian 
Gulf War, as yet unexplained illnesses. These syn¬ 
dromes have been described as characterized by 
fatigue, shortness of breath, headache, disturbed 
sleep, and impaired concentration. Regardless of the 
name of the syndrome or pattern of symptoms, their 
lists look more alike than different, and they sug¬ 
gest a common core of symptoms associated with 
war-related medical and psychological stress. 45 

Depressive disorders were a significant problem 
for enlisted personnel returning from Vietnam. One 
quarter had some depressive symptoms, with 7% 
meeting criteria for an affective disorder. One third 
of those who had a psychiatric diagnosis had re¬ 
ceived psychiatric care since their return. 46 A 3-year 
follow-up study 47 of a randomly selected sample of 
571 Vietnam veterans and 284 matched civilian con¬ 
trols provided some evidence that the depression 
found 1 year after combat was transient and that 
the effect of combat as a predictor of depression di¬ 
minished over time. It should be noted that almost 
all studies of Vietnam veterans suffer from limita¬ 
tions imposed by the course of the war itself. Dur¬ 
ing the last phase of the war, combat exposure was 
limited and morale was deteriorating, both in 
Vietnam and in the United States. Hence, studies 
of veterans who served in Vietnam at different 
times are difficult to interpret in terms of the impact 
of their experience in Vietnam and are difficult to 
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compare with studies of combat veterans of other 
operations such as the invasion of Panama in 1989 
or the Persian Gulf War. This is particularly true 
since the formal psychiatric diagnostic classifica¬ 
tion system was in the process of radical change 
during the 1970s. In 1980, the diagnosis of PTSD 
was introduced into the 3rd edition of the American 
Psychiatric Associations' Diagnostic and Statistical 
Manual, (DSM-III) as a result of a complex interac¬ 
tion between clinical experience, and political 
pressure. 48 

Postwar Readjustment 

Bey 49 wrote of the psychological adjustment of 
the service member to Vietnam as well as the re¬ 
turn home. He is one of the few authors who noted 
the difficulty personnel had in returning home, 
breaking bonds with fellow service personnel in 
Vietnam, missing friends, and feeling estranged at 
home. He attributed cases of adjustment depression 
to these types of losses, suggested that this reac¬ 
tion be treated as normal, and encouraged talking 
about and working through the relinquishing of ties 
with wartime friends. The camaraderie that helps 
to maintain closeness within a unit can sometimes 
be a later source of grief. 50 Extraordinary bonds that 
have been made have to be broken. Following the 
Persian Gulf War, readjustment was seen as easy 
because of three factors: (1) the low number of ca¬ 
sualties, which resulted in less strain than if there 
had been mass casualties, (2) the support of the 
American people, and (3) the lack of drugs of abuse 
and alcohol in the theater. 50 

Reunion Briefings 

Some Navy ships have a reunion briefing, gen¬ 
erally conducted by the chaplain. The chaplain is 
likely to emphasize possible changes in family dy¬ 
namics. This may include how a spouse has 
changed, the management of finances, and the dis¬ 
ciplining of children. The sailor can then focus on 
the impact of newly gained family independence 
and changes in children's rewards and punishment. 51 


Readjustment of Female Veterans 

The readjustment of female veterans has received 
little attention. Structured interviews were con¬ 
ducted between 1983 and 1985 with 50 female 
nurses who served in Vietnam from 1965 to 1973. 52 
In the year immediately after the war, 12% reported 
minimal reactions, 8% had major emotional reac¬ 
tions including alcoholism and severe depression, 
while 80% had mixed reactions. Forty percent had 
high levels of involuntary intrusive thoughts, and 
32% had avoidant behaviors. In subsequent years, 
including the time of the interviews, the group with 
an initially high level of intrusive thoughts (40%) 
had declined to 22%, and the level of avoidance 
declined from 32% to 14%. Those nurses who con¬ 
tinued to have the highest levels of PTSD reported 
that they experienced an intense personal and pro¬ 
fessional year in Vietnam and faced poorly effec¬ 
tive social networks at home. This study indicated 
that while nurses did not undergo the battlefield 
trauma experienced by men in the field, their expe¬ 
riences of witnessing trauma produced the same 
need to talk about the war as other veterans had 
and that the "toughness" that they developed to 
have been a veneer to cope with the stresses of the 
situation. 

Shared Experiences and Memories 

Memories of deployments or wars are often por¬ 
trayed as a source of negative memories. The memo¬ 
ries that are cited are often related to the develop¬ 
ment of PTSD or other forms of distress. Certainly, 
traumatic experiences that occur during war can 
result in PTSD; however, most who serve do not 
develop PTSD. Many memories of these experiences 
are positive. There were many descriptions of posi¬ 
tive experiences in the Persian Gulf War and later 
US military operations. 29,53-56 Humor has kept up 
many spirits during difficult times in the military. 57 
Informal "group therapy" sessions held by military 
physicians that allowed people to vent their frus¬ 
trations and anxieties were important, as was group 
support from peers and from home. 58 


PSYCHOLOGICAL EFFECTS OF PREDEPFOYMENT, DEPLOYMENT, AND 
REUNION ON FAMILY MEMBERS 


Spouses 

There are many factors that determine family 
responses to deployment. 59 Among these are the de¬ 
ployment itself, as well as family, spouse, and child 


factors. Deployment factors include its length and 
frequency and whether it is a wartime or peacetime 
deployment. Family factors include the age and sex 
of children, parental attitudes, availability of social 
supports, history of coping skills and adaptability. 
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and past experiences with separation. 

Predeployment preparations can often isolate the 
family from the service member quickly. Many op¬ 
erational deployments occur on short notice. Un¬ 
scheduled deployments are considered more stress¬ 
ful than scheduled ones. 60 Unscheduled (and some¬ 
time scheduled) deployments often require an in¬ 
tense period of unit preparation, which gives the 
service member less time for personal and family 
preparation for the impending absence. There are 
often additional training requirements that can keep 
the service member in the field for long periods of 
time and some that require the unit to temporarily 
relocate to another installation for special training. 
Most spouses adapt well to the stress of deploy¬ 
ment. 59 Stresses in families, however, can lead to 
clinical problems that must be addressed by the 
health care system. A spouse's role becomes that of 
a single parent and decisions are made by that per¬ 
son rather than by the departed spouse or the 
couple. New skills must be learned and new respon¬ 
sibilities shouldered by the spouse and the family 
left behind. The relationships with children can 
change when children challenge discipline and have 
to fulfill some parental roles. 

During the Persian Gulf War, both younger and 
older spouses of Army soldiers experienced high 
levels of emotional discomfort, albeit for different 
reasons. 61 There was a perception that available fam¬ 
ily support services favored younger spouses and 
ignored the problems of older spouses. Spouses 
rated their expectation of what the Army should 
provide them while their spouses were deployed 
and their use of and satisfaction with 15 different 
types of community services before and during the 
deployment. Groups with the highest level of dis¬ 
tress also had the highest ratings of expectations of 
the Army and the highest unsatisfactory ratings of 
the use of support services. 

After the war, spouses of junior enlisted sol¬ 
diers who remained on active duty were less 
likely to have had unrealistic expectations of the 
Army than the spouses of those soldiers who left 
active duty. For mid-level noncommissioned of¬ 
ficers, the main predictor of retention was the 
spouse's wish that the soldier stay in the Army. 62 
In some cases, these expectations of spouses may 
be impossible to correct, but it does underscore 
the importance of commanders providing accu¬ 
rate information to families before, during, and 
after a deployment. It is important to avoid state¬ 
ments that will lead to unrealistic expectations. 

A survey was conducted of 378 wives of enlisted 
Army soldiers deployed to Somalia for 2 to 5 


months. 63 Changes in marital satisfaction and four 
stressors that could have affected the wives during 
the deployment were investigated: pregnancy, 
death of a friend or relative, loneliness, and diffi¬ 
culty communicating with the husband. The effects 
of the various difficulties were less stressful in terms 
of their impact on marital satisfaction than is often 
assumed, even for marriages that might be considered 
relatively unstable. The investigators concluded 
that being stressed during a husband's deployment 
was not necessarily enough of a problem to detract 
from marital satisfaction. 

Family support groups have become a regular 
feature of the military services. 59 When a service 
member deploys, the spouse (usually a wife) is en¬ 
couraged to participate in a spouses' support group, 
which is often affiliated with the rear detachment 
of the unit. This rear detachment can facilitate con¬ 
tact between members of the deployed unit and the 
families and perform valuable advocacy services for 
the spouses. We do not know of any research or re¬ 
ports on support groups that have included hus¬ 
bands of deployed service members. 

Bey and Lange 64 interviewed 40 spouses whose 
husbands had deployed to Vietnam and described the 
stresses of these women. A wide variety of differ¬ 
ent stressors were described during the time before 
deployment, the deployment phase, and following 
the husband's return. When the husband received 
orders to deploy, they described feelings of numb¬ 
ness, shock, and disbelief even though they knew 
logically that the husband would receive orders. 
They noted increasing distance between themselves 
and their husbands as the time for departure neared. 
During the separation, wives complained of their 
awkward social situation. Friendship and even con¬ 
tact with men was often viewed negatively and as 
infidelity by some. They described themselves as 
estranged from others who had little empathy for 
their plight. Those who were in a "waiting wives" 
group were an exception. Most said that these 
groups helped to alleviate stress but at other times 
increased it. The social situation of the civilian mi¬ 
lieu also increased their stress in that the commonly 
held view was that the war was stupid and futile. 
Those who expressed their discomfort through so¬ 
matic complaints were sometimes rebuffed by the 
medical staff who saw them as demanding but 
physically well. Failure of the medical professional 
to appreciate the problems created by deployments 
for these spouses can needlessly serve as an addi¬ 
tional stressor. 

Reunion can eliminate some stressors, but it of¬ 
ten creates additional ones. 59 Adjustments required 
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during separation are often undone after reunion, 
sometimes not to everyone's satisfaction. New skills 
and independence manifested by spouses and 
children may not be appreciated by and may actu¬ 
ally be seen as threatening to the returning service 
member. The discipline of children can be a particu¬ 
larly difficult adjustment area for families. Children 
may also find it difficult to include the returning 
parent into relationships formed with the remain¬ 
ing parent. 

Children 

Parental deployment puts additional stresses on 
children that often are not recognized by the parent. 59 
Constancy of the relationship with the departed 
parent is broken, children can blame themselves for 
the parent's absence, and they can be angry at the 
military for taking the parent away. Symptoms in 
children may depend on their stage of development, 
but some of the most frequent complaints are ab¬ 
dominal, followed by sleep disturbance, headaches, 

SURVEILLANCE RESEAR 
Surveillance Research in the Baltic States 

When psychiatric illness or disturbance is infre¬ 
quent, a surveillance system that uses only case 
counts will not be satisfactory for determining the 
psychological status of those deployed. Another 
mental health and behavior surveillance system, 
one in which behavioral scientists interview, give 
paper-and-pencil surveys, and observe individuals, 
was used on the Bosnia deployment. 68 Data were 
collected on approximately 300 soldiers on a 6- 
month deployment to Croatia in November 1992, a 
second group of approximately 200 soldiers de¬ 
ployed to Croatia in March 1993, and an Army in¬ 
fantry unit in Macedonia in July 1993 on a border 
patrol mission. Topics covered in the surveys in¬ 
cluded sources of stress, physical and mental health 
outcomes (including morale), and individual and 
organizational factors that might influence re¬ 
sponses to stress. Extensive studies of a subgroup 
provided examples of the stressors service members 
faced at each stage of the deployment. 

The major stress factor in the predeployment 
phase was uncertainty about who was going and 
when and getting to know peers and leaders. Dur¬ 
ing the middeployment phase, one critical stress 
factor was boredom due to lack of meaningful work 
in the hospital. Other stressors included restrictions 


decreased motor activity, withdrawal, moodiness, 
and school phobia. 

Internalizing (distress that is directed inward) 
and externalizing (distress that is directed outward) 
behaviors of children were compared for children 
of fathers on routine deployment and the deploy¬ 
ment to the Persian Gulf War. For children whose 
fathers were deployed during peacetime, both in¬ 
ternalizing and externalizing behaviors declined 
from predeployment to postdeployment but stayed 
high throughout for children whose fathers were 
deployed to the Persian Gulf War. 65 In a study of 
1,601 children of soldiers deployed to the Persian 
Gulf War, questionnaires were completed by the 
parent who stayed at home with the child. 66 Sad¬ 
ness was commonly reported, but few parents con¬ 
sidered their children had problems severe enough 
to warrant counseling. In a review of the literature 
on the military family, brief father absences (less 
than 1 to 2 years) were associated with temporary 
emotional and behavioral symptoms in family 
members, primarily wives and sons. 67 

DURING DEPLOYMENT 

by command about outreach programs and a per¬ 
ceived lack of support from rear echelon support 
elements. The key stressors of the late-deployment 
period were concerns about the future location of 
the unit after they returned (some units were moved 
and some de-activated after the conflict) and 
whether the service members would have to move 
their families. Analysis of the stress factors pro¬ 
duced a set of stressors and countermeasures (Table 
48-3). The major stressors identified were isolation, 
ambiguity, powerlessness, boredom, and threat. 
Countermeasures included steps recommended for 
leaders to reduce these stressors. This report pro¬ 
vides one model for the development of hypoth¬ 
eses and analyses in deployment research. 

Post-Bosnia Medical and Psychological 
Surveillance 

The national leadership would like to have bet¬ 
ter knowledge of the medical status of service per¬ 
sonnel before and during deployments. With the 
support of the Congress, the Department of Defense 
is attempting to implement a screening program in 
which service members departing from Bosnia receive 
a medical fact sheet and a physical examination, 
including a personalized review of any findings (see 
Chapter 49, Medical Issues in Redeployment). 
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Changes in health status are documented in a ser¬ 
vice member's medical record. The follow-up 
should be scheduled within 30 days of returning to 
the United States, and within 90 days personnel 
should receive a Mantoux tuberculin test and un¬ 
dergo psychological testing. 69 As a part of the 
Bosnian rotation, extensive screening programs for 
medical and mental health conditions are being put 
in place. Screening takes place before new person¬ 
nel join the implementation force, during the de¬ 
ployment, and as they pull out to return to their 
home base. This should provide the Department of 
Defense with information on the health status of 
its personnel that could be used to investigate 
postdeployment health problems. This is an attempt 
to avoid the lack of data for investigations in the 
past as happened with Agent Orange in the Viet¬ 
nam War and the controversial Persian Gulf War 
illnesses. 70 It is essential that a surveillance system 
should also track illegal drug and alcohol abuse. 


Psychometric Tests and Epidemiology 

Part of the difficulty in understanding the relation¬ 
ships between stress and either distress or illness 
in psychiatric epidemiology is that of defining what 
is a case. 71,72 Symptom measures on questionnaires 
do not constitute a diagnosis and may be misleading. 
While symptoms of depression do not necessarily 
constitute a case of depression, many questionnaires 
attempt to measure symptoms of depression, anxi¬ 
ety, and PTSD because ignorance of the etiology of 
many psychiatric illnesses makes symptoms the 
defining criteria. 73 This situation results in problems 
relating to sensitivity and specificity, problems 
quite familiar to those who have used urinalysis to 
identify drug abusers. 74 Since psychiatric diagno¬ 
sis carries stigma, false positives are particularly un¬ 
desirable. Thus the development of truly effective 
psychiatric surveillance programs continues to be 
a considerable technical challenge. 


TABLE 48-3 

PSYCHOLOGICAL ISSUES IN PEACEKEEPING OPERATIONS 



Stressors 

Countermeasures 

ISOLATION 

Physically remote locations 
Communication problems 
Multiple units in task force 
Individuals cross-attached 

Give accurate and useful information—what to expect 
Provide briefings by those who have been there 

Encourage use of e-mail, phone, fax 

Conduct team-building exercises 

AMBIGUITY 

Mission not clear 

Command structure confusion 

Give clear definition of mission 

Hold frequent meetings, "commander calls" to provide 
information and answer questions 

POWERLESSNESS 

Rules of engagement restrictions 
Limited activity/productivity 
Foreign culture and language 
Relative deprivation: "double 
standards" 

Explain and justify rules of engagement 

Provide education and self-development options 

Provide classes on host culture, language 

Assure fair access to goods and services, explain discrep¬ 
ancies honestly 

BOREDOM 

Repetitive, monotonous routine 
Shortage of professional work 
Lack of meaningful work 

Use creative training programs 

Establish personnel exchange programs with other forces 
Self-development and education programs 

THREAT OR DANGER 

Threat to life or limb 

Mines, snipers, disease 

Provide sound training, equipment, policies 

Keep soldiers informed about physical threat 

Offer regular debriefings 


Adapted from: Bartone PT, Adler AB. A model for soldier psychological adaptation in peacekeeping operations. Proceedings of the 
36 th Annual Conference of the International Military Testing Association. Rotterdam, The Netherlands; 1994: 33-40. As cited in: US Army 
Medical Research Unit-Europe, Walter Reed Army Institute of Research. A Model of Psychological Issues in Peacekeeping Opera¬ 
tions. WRAIR; 18 March 1996. Research Report #23. 
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COMMAND AND MEDICAL CONSULTATION 


One of the primary duties of a special staff of¬ 
ficer is to educate the commander in the area of the 
staff officer's expertise. Among the major tasks of 
medical staff officers throughout predeployment, 
deployment, and reunion are assessment and con¬ 
sultation. Consultation in a military environment 
is the process of providing advice to commanders 
and members of the commander's staff on issues 
that affect the health and performance of military 
personnel in their organization. 75 Thus, the unit of 
consultation is the group and not the individual. 

Consultation is a two-way street, one that in¬ 
volves interchange between the consultant and the 
commander, staff, service members, and families. 
Without such interchange, the consultant is likely 
to have little understanding of the unit and its prob¬ 
lems, and the likelihood of the consultant's advice 
being followed will depend in some degree on the 
confidence the command has in the consultant. Such 
confidence is based on the development of a mutu¬ 
ally satisfactory relationship. To be deserving of 
command support, the medical officer must have a 
deep understanding of the relevant biomedical and 
behavioral risk factors associated with the deploy¬ 
ment being planned and the overall military mis¬ 
sion. The primary mission of the medical officer and 
other special staff officers is to build this under¬ 
standing with the line officers. 

The appropriate outcome of the consultation pro¬ 
cess is the incorporation of the medical and psychiat¬ 
ric recommendations in a form that can be supported 
by the commander as elements within operation 
plans. Such plans involve complex systems that will 
require those medical and psychiatric recommenda¬ 
tions to interact with other technical requirements. 

Infectious Diseases 

Infectious diseases that are endemic in the de¬ 
ployment area but rare in the United States are a 
significant threat to military forces. Deployments 
will almost always require the medical staff to rec¬ 
ommend procedures to prevent or lessen the effects 
of problems with infectious disease and biological 
and chemical agents. Sometimes this advice will 
entail that the service members take prophylactic 
medications. There are significant psychological 
factors that will inhibit adherence with medical rec¬ 
ommendations and policies. To achieve better ac¬ 
ceptance of medical advice and compliance to its 
requirements, those providing the advice must un¬ 
derstand the psychological factors underlying the 


resistance or acceptance of medical recommendations. 
Frequently, this is based on a lack of understanding 
of the technical basis of the medical recommenda¬ 
tions. Failure to appreciate limitations of preven¬ 
tive programs may result in angry and disappointed 
commanders and will promote resistance to further 
medical recommendations. 

The use of negative reinforcements or punishment 
to assure compliance may produce complicated ag¬ 
gressive behaviors and destructive actions. To sup¬ 
port a program that is geared to available resources 
and assure compliance, is it critical that the interven¬ 
tion being recommended be well understood in terms 
of both intended effects and side effects. Such pro¬ 
grams require careful scientific monitoring to assure 
they are effective and cost-efficient. 

Chemical and Biological Agents 

The medical and military responses to chemical 
and biological warfare are complex. Physicians 
must be responsible for the diagnosis and treatment 
of the psychiatric and organic consequences asso¬ 
ciated with biological weapons. They and other 
medical professionals must provide reassurance 
and care required to maintain morale in the pres¬ 
ence of such a threat. One of the most important 
roles of physicians is to assist the leadership, 
whether military or civilian, in considering the psy¬ 
chological and social impact of terrorist or military 
attacks on US military personnel or populations. 
Primary prevention efforts by all concerned are 
critical in preventing panic, counterproductive re¬ 
sponses, and demoralization in the attacked com¬ 
munity. 76 Examples of counterproductive actions 
would be the inappropriate use of unproven drugs, 
inappropriate vaccination that results in acute side 
effects but provides minimal protection, and inap¬ 
propriate evacuation and quarantine. Risk commu¬ 
nications plans (see next section) must be developed 
so that the population threatened may be accurately 
and effectively informed concerning the nature of 
the risk and appropriate responses. 

Prophylactic Medications 

If they have the expertise, mental health and pre¬ 
ventive medicine consultants must advise com¬ 
manders how to effectively communicate the risks 
and benefits associated with using vaccines and 
prophylactic agents. 77 This information must be 
provided to service members before and during 
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the deployment phase of an operation, as well as 
at the homecoming and long afterward. If the men¬ 
tal health and preventive medicine consultants do 
not have specific training in risk communication, it 
would be appropriate for them to advise the com¬ 
mander on how to find such expertise. Risk commun¬ 
ication requires great care in the use of language that 
is accurate and can be understood by the service 
member. 78 

Risk communication must be interactive. Those 
instituting programs must understand what infor¬ 
mation the subject population requires and how 
they understand the information. It is sometimes 
difficult for those who have knowledge of risks to 
communicate those risks to service members in such 
a way that the risks and benefits are understood 


and supported. Risk communication should help to 
explain to service members that they are not being 
used for experimental purposes or otherwise being 
put at more risk from the drug than they would be 
from the enemy or the environment. One of the 
goals of risk communication should be to create 
confidence in service members that the command 
has a true concern about their health and well-be¬ 
ing. It is likely that risk communication will occur 
in an environment in which the media may report 
material incorrectly or in a way that would under¬ 
mine such confidence. Service members who lack 
confidence in the intervention may later attribute a 
variety of later problems to having received a medi¬ 
cation or vaccine, regardless of the safety profile of 
that medication or procedure. 


PREVENTION AND TREATMENT OPTIONS 


Preventive Interventions 

The Institute of Medicine proposed a prevention 
model for mental health disorders in 1994 that encom¬ 
passes three echelons of prevention interventions: uni¬ 
versal, selective, and indicated. 79 Universal interven¬ 
tions can be performed by many individuals and are 
considered appropriate for everyone. Interventions 
can include education programs that provide infor¬ 
mation about the environment, principles of leader¬ 
ship, or the purpose of specific deployments. 

As deploying units are identified, members may 
be assumed to be at higher risk for developing a 
mental health problem. Selective interventions may 
be aimed at the groups at highest risk for potential 
adverse outcomes. A variety of mental health and 
general health care providers may become engaged 
in this effort. Interventions may include creation of 
family support groups, stress management lectures, 
suicide prevention lectures, and routine informa¬ 
tional debriefings after missions. When such pro¬ 
grams are designed, however, measures of need and 
effectiveness should be developed at the same time. 
Studies documenting the positive and adverse ef¬ 
fects of programs would also be welcome. 

Indicated interventions are appropriate for indi¬ 
viduals who have been specifically identified as 
being at high risk of developing a new or recurrent 
mental disorder but are without a clinically active 
illness. These may include individuals with diag- 
nosed-but-stable disorders or with significant family, 
occupational, or drinking problems. These problems 
may predispose the individual toward developing a 
diagnosable disorder or experiencing a recurrence 
of a mental disorder, and early intervention may 


avert the occurrence or worsening of the disorder. 
Early intervention is a key concept behind the tradi¬ 
tional treatment intervention of military psychiatry. 
There is a need for additional research concerning the 
effectiveness and cost of such early interventions. 

The best possible working group of available 
personnel should assess risk and design interven¬ 
tions that will minimize distress and disability. Such 
a group might consist of preventive medicine offic¬ 
ers, flight surgeons, psychiatrists and other physi¬ 
cians, psychologists, social workers, chaplains, staff 
planners, enlisted leadership, and commanders. The 
programs should encourage cohesion, social sup¬ 
port, and information about the mission; it should 
generally deal with needs reported by ordinary ser¬ 
vice members and their immediate supervisors. 
Once an individual's problem reaches the thresh¬ 
old of a diagnosable psychiatric condition, physi¬ 
cians and mental health personnel should become 
involved in the direct care of that patient. 

Training of Medical Professionals 

It is likely that inexperienced personnel will be 
in positions of responsibility in future deployments, 
as they have been in the past. Inexperienced medi¬ 
cal personnel may be in regions in which they will 
have little familiarity with endemic diseases. These 
physicians may not have been exposed to extreme 
violence or its consequences. All staff personnel will 
be called on to develop some understanding of the 
effect of the local culture on deployed service mem¬ 
bers. They would also be required to understand how 
service members affect the local culture. Reservists 
called to active duty may have little opportunity to 
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become familiar with these issues. Regardless of 
service members' level of experience, each new de¬ 
ployment brings its own problems. Part of the pri¬ 
mary prevention function among the medical com¬ 
munity involves educating each other and the de¬ 
velopment of flexible doctrine and policy that can 
be applied to other situations. This is particularly 
true of joint operations where there are significant 
differences in the professional jargon and nomen¬ 
clature of equipment between the services, which 
can sometimes make even basic communication 
difficult. 75 Increasing the amount of training in joint 
operations will make this less of a risk. Currently, 
the US military medical departments have joint 
medical training for medical students at the Uni¬ 
formed Services University of the Health Sciences 
and for residents, hospital staff, and field units. In 
addition, the medical evacuation chain has always 
been a joint service operation. It will be important, 
however, for Reservists to be included in joint train¬ 
ing or to make special efforts to teach them in such 
procedures as soon as they are involved in prepa¬ 
ration for deployment or in deployment itself. 

Booklets, Pamphlets, Training Manuals, and 
Models 

During recent deployments, the Headquarters, 
Department of the Army has prepared a number of 
information-transmitting media for soldiers and 
their families. Some of them are only a few pages 
and are made to fit in the pocket of field gear (for 
example, titles include Stress Dimensions in Military 
Operations Other Than War, When the Mission Requires 
Recovering Human Dead Bodies, and Critical Event 
Debriefing and others). Other examples of material 
created for such training are the Army's relocation 
and deployment books, a course for organizing fam¬ 
ily support groups during the soldier's absence. The 
US Army Community and Family Support Center, 
a headquarters element of the Army staff, in 1995 
prepared a series of books for families called Op¬ 
eration READY (Resources for Educating About 
Deployment and You) to prepare soldiers and fami¬ 
lies for deployment. There are six binders entitled 
Pre-deployment Ongoing Readiness, Family Assis¬ 
tance Center, Family Support Group Advanced 
Training, Post-deployment Homecoming Reunion, 
Army Readiness Handbook, and Children's Work¬ 
book. They were distributed Army-wide with five 
training videos. In addition to these Army publica¬ 
tions, commercial firms have published a wide va¬ 
riety of self-help pamphlets for children and 
spouses. 


Peebles-Kleiger and Peebles 60 described a model 
of peacetime deployment used by the Navy for fam¬ 
ily education and intervention before, during, and 
after the Persian Gulf War. This model was based 
on an "emotional cycle" of adjustment to the vari¬ 
ous phases of deployment. They cautioned against 
using a peacetime model for wartime deployments 
because wartime deployment is unexpected, dis¬ 
ruptive, and hazardous and involves the anticipa¬ 
tion of trauma, which increases the level of stress. 

The development of educational materials is often 
based on specific models or theoretical constructs. 
While models can be useful for conceptualizing 
knowledge about stresses, vulnerabilities, and in¬ 
terventions, they can be limiting in that they do not 
take account of the diversity of individual differences 
and situations. Some models overemphasize the 
risk factors for negative outcomes of individuals 
and pay less attention to possibilities of personal 
gains that come from coping with stress. Rutter has 
provided thoughtful discussion of the interplay of 
adversity, risk, and resilience in individuals at vari¬ 
ous stages of life. 80 In his view, risk factors operate 
in a variety of different ways, and people respond 
to adversity based on their own personal history, their 
own stage of development, and the external circum¬ 
stances. Resilience may thus reside in the social con¬ 
text as well as in the individual. While he notes that 
there is some knowledge of what the risk and protec¬ 
tive factors are, we have little understanding of the 
processes they reflect or how to use them to increase 
resilience. The processes by which interventions work 
are largely untested. 

It is Department of Defense policy to implement 
combat stress control (CSC) policies. 81 CSC is seen 
largely as a preventive activity and attempts to fos¬ 
ter cooperation between preventive medicine and 
the mental health disciplines (see Chapter 16, Com¬ 
bat Stress Control and Force Health Protection). 
Army field manuals address issues of combat stress 
and provide the Army doctrine for mental health 
operations in the field at the unit level, for separate 
combat stress control detachments, and for lead¬ 
ers. 82,83 The US Marine Corps combat stress doctrine 
is published in US Marine Corps Fleet Marine Force 
Manual 4-55 (13 April 1992). 

Debriefing as a Preventive Mental Health 
Strategy 

The group interview technique that is commonly 
known as a debriefing has become popular in a va¬ 
riety of military situations, particularly following 
exposures to traumatic events. It is hoped that de- 
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briefing after a traumatic event will help to prevent 
future psychiatric disorders, such as PTSD and other 
forms of distress. As the Department of Defense di¬ 
rective states, CSC unit personnel "will evaluate units 
after exceptionally stressful events and conduct Criti¬ 
cal Event Debriefings, as indicated." 81 

There are now numerous references in the mili¬ 
tary medical literature to situations in which some 
form of debriefing has been used. 13,84-91 Debriefings 
seem to be uncritically accepted in today's military 
as necessary and beneficial. Toward the end of the 
Persian Gulf War, debriefings were extensively pro¬ 
vided as a preventive measure. 35 It is important to 
note, though, that documentation of the efficacy of 
debriefing and other recommendations and interven¬ 
tions is generally lacking. The inference is sometimes 
drawn that PTSD is the most common outcome of 
stress, which also has not been proven. Other out¬ 
comes, such as acute stress disorder, dissociative 
disorders, adjustment disorder, depression, anxiety, 
and substance abuse disorders, are often not even 
considered. 

There is a limited theoretical basis for debriefing 
in the prevention of psychiatric disorders. Appli¬ 
cation of debriefing around events described as 
"critical" can be misleading in a number of ways to 
the practitioner, the subject, and the commander. 
First, although there are many events that are called 
critical, there are always other issues that are also 
important and deserve attention, such as an event 
or policy that has affected unit morale. Second, the 
implication for some will be that once the preven¬ 
tive debriefing has been held, there is no further 
need to worry about the longer-term effects of the 
critical event. Such beliefs could lead the subject or 
the practitioner to overlook symptoms that develop 
later. Third, there is no standard evaluation tech¬ 
nique by which to judge the effectiveness of the 
procedure. 

There is a growing body of literature on this sub¬ 
ject that includes controversy about the efficacy of 
the procedure. Psychological debriefing following 
a traumatic event does not, in itself, guarantee that 
its recipients will suffer no future psychological 
disturbances. Studies of group debriefing after ex¬ 
treme events have failed to show a significant long¬ 
term effect of this technique, but the heterogeneity 
of the interventions studied and the length of time 
between debriefing and its assessment may make a 
proper evaluation of findings difficult. 92 Israeli sol¬ 
diers were provided a historical group debriefing 
within 72 hours after having been exposed to com¬ 
bat. Anxiety, self-efficacy, and combat evaluation 
were measured before and immediately after the 


sessions. Debriefing was followed by a reduction 
in anxiety, an improvement in self-efficacy, and an 
increase in homogeneity of the group. The investi¬ 
gators concluded that the effects of the debriefing 
might have been attributable to enhanced group 
cohesion or to the beneficial effects of the debriefing. 

A study of 62 British soldiers who served in the 
Persian Gulf War, found evidence suggestive of 
PTSD in 50% of them following debriefing. 93 Brit¬ 
ish body handlers reported subjective benefit from 
debriefings but had no fewer symptoms compared 
with those who were not debriefed. In addition, 
critical incident stress debriefing and management 
teams could be a hindrance to first responders in 
biological and other disasters. 94 

Among the values of the debriefing, as practiced 
by Shalev 95 and Koshes and colleagues 96 are the 
opportunity of the debriefer to hear the perspec¬ 
tive and experiences of those participating in the 
group interview and the opportunity of the partici¬ 
pants to hear the thoughts, feelings, and descrip¬ 
tions of events provided by others in the group. 
Shalev provides a good discussion of the goals of 
psychological debriefing and Koshes and colleagues 
provide examples. Debriefing limited numbers of 
key personnel may serve as an assessment tool in 
determining possible problem areas regarding unit 
morale, cohesion, and function. Instructing com¬ 
manders to perform debriefing in a fact-finding, 
lessons-learned format will also foster unit cohe¬ 
sion and a sense of mission. Whenever possible, unit 
self-reliance should be encouraged rather than unit 
reliance on external mental health resources. 

There are many other activities that are appro¬ 
priate for victims instead of or in addition to a de¬ 
briefing. McDuff illustrated the value of a recovery 
environment for victims in several different hos¬ 
tage-release scenarios. 97 The postcaptivity environ¬ 
ment should attempt to promote cohesiveness 
within the victim group, isolate the victims from 
external groups, promote abreaction, and provide 
an opportunity for rest. Interventions may help by 
restoring the sense of power to the victim and re¬ 
ducing feelings of isolation, of helplessness, and of 
being dominated. These procedures provide a struc¬ 
tured termination process for the group, which may 
help in the individual's long-term recovery. 

Use of Psychotropic Medications 

Use of psychiatric medications in a deployment 
setting is controversial among military psychia¬ 
trists, and there are differences in medication poli¬ 
cies among the services. With few exceptions. Navy 


1417 


Military Preventive Medicine: Mobilization and Deployment, Volume 2 


and Marine Corps personnel will not be deployed 
when taking psychiatric medications. Frequently, 
these units are widely dispersed and psychiatric 
follow-up is not routinely available. Army person¬ 
nel are more frequently deployed while taking these 
medications. The Army routinely deploys in greater 
mass and with more substantial medical support, 
to include psychiatric services. Mental health ser¬ 
vices at the division level are frequently augmented 
by combat stress detachments, which may provide 
some capability for monitoring service members 
taking psychotropic medications. 

The need for antipsychotic or mood stabilizing 
medications is an indication of severe or chronic 
psychiatric illness, which generally should not be 
managed in a deployment setting. On a case-by-case 
basis, a service member who chronically uses 
anxiolytic or stimulant agents should be evaluated 
by a psychiatrist before deployment. Short-term use 
of benzodiazepines or other soporific agents may 


be indicated in restoring normal sleep patterns dis¬ 
rupted by irregular schedules and sleep depriva¬ 
tion, 98 but they can interfere with prophylactic 
medication schedules. 9 Training personnel in how 
to manage other disruptions to work-rest cycles and 
other operational problems on an individual and a 
unit basis without medications is an important con¬ 
sideration for future operations. Clinicians have fre¬ 
quently been tempted to use psychotropic medica¬ 
tions to aid individuals distressed by combat. The 
use of antipsychotic agents such as chloropro- 
mazine was common in Vietnam. We do not know 
the consequence of this usage, but given our knowl¬ 
edge of the effect of these drugs on performance, it 
is unlikely that anyone would recommend their use 
in a combat setting today. At present, there is little 
data that would justify the use of these agents in 
the combat context. There is a need for research on 
the impact of psychotropic drugs on military and 
combat performance. 


THE NEED FOR RESEARCH ON REUNION ISSUES 


Research on the stresses of homecoming fol¬ 
lowing deployment is needed. This topic covers 
a variety of issues. First among these is the need 
to determine the expectations of service members 
or their families before reunion. Reunion brief¬ 
ings and other materials prepared to assist people 
in this phase have been developed, based on a 
general theory of stress that includes a myriad 
of possible symptoms. It would be helpful to 
know what stresses service members, spouses, 
and children expect to face, the stresses that they 
actually face, and how they cope. 

The number of studies in this area on women, 
whether single or married, mothers or childless, is 


very limited. Research should investigate the dif¬ 
ferent deployment and homecoming experiences of 
men and women, as well as women's adjustment, 
coping strategies, health care utilization, morbid¬ 
ity, and mortality. 99 The long-term adjustment of the 
deployed female veteran has been little researched 
except in nurses. 

The material referenced for this chapter has been 
almost exclusively based on active duty military 
personnel. In the future, it will be important to de¬ 
velop a better understanding of the stressors that 
confront Reservists who deploy. Finally, long-term 
follow-up of deployed service members and their 
families has not been carefully studied. 


SUMMARY 


The preventive medicine officer should work 
with the military mental health community to pre¬ 
pare for and successfully accomplish the deploy¬ 
ment mission in the post-Cold War environment. 
The medical mission includes the preparation of the 
service member, the family of the service member, and 
the military unit for the three phases of deployment. 

Deployments today tend to be unexpected, rapid, 
and of uncertain duration and have a mission that 
shifts as the deployment unfolds. The deployment 
environment in the 1990s developed during an era 
of shrinking military resources and increasing de¬ 
mands on service members and their families. The 
services are truly doing more with less. Military 


medical resources have not escaped the overall cuts. 
The result is a thinly spread, largely inexperienced 
force that is not always deployed as a unit but of¬ 
ten as individuals or in small groups. The result is 
a unit in which cohesion must be constructed dur¬ 
ing an operation only to be lost when the mission 
is completed or individuals are rotated out. Finally, 
the battlefield has changed to include the high like¬ 
lihood of the use of chemical and biological agents 
and information technology and new classes of 
weapons, such as lasers and smart munitions, that 
can deliver increased firepower more accurately. 
This means that smaller and smaller military units 
may be fighting on a very fluid and very deadly 
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battlefield. 

Military deployments have the potential to be 
widely dispersed over the earth's surface. This 
means service members face unfamiliar, severe en¬ 
vironmental challenges and exotic diseases on a 
scale for which the US civilian medical community 
may be unprepared. The stress on all military medi¬ 
cal practitioners is high as they contend with pre¬ 
venting and treating illness and injury. 

Much of the published literature consists of case 
reports or case series that have not been developed 
on solid epidemiologic, sociological, or anthropo¬ 
logical principles. Most articles convey the medi¬ 
cal reporter's snapshot of a specific deployment or 
tour of duty. As cases are described diagnostically, 
there is a tendency to rely on psychological scales 
or tests for which predictive values are erroneously 
considered equal to test sensitivity or specificity. 

The effects of deployments on the family of the 
service member continue to be studied, and the ser¬ 
vices have developed a wealth of preventive and 
support practices to help spouses and children. A 
lingering problem, however, is the hesitance, par¬ 
ticularly of younger spouses, to use the supports 
available. Family structures are constantly chang¬ 
ing, and families who live off the installation are 
particularly difficult to find and attract to on-instal- 
lation services. 

Studies of how leadership interacts with preven¬ 
tive medicine practices are essential to a good op¬ 
erational outcome. Commanders face challenges 
such as working in a multinational environment, 
serving as ambassadors to the local population, 
using vaccines and pharmaceuticals to prevent 
morbidity and mortality, being involved in politi¬ 
cal decisions, and having their decisions reviewed 


by politicians. These requirements are very de¬ 
manding of a commander's time and energy, but 
coordination of national political goals with mili¬ 
tary goals is essential in many deployments. That 
such requirements exist at all is controversial, but a 
commander should expect to spend considerable 
time and energy on such issues, particularly as they 
may affect the morale of the command. 

The importance of support of service members 
and their families will continue to be of the great¬ 
est importance to the leadership of the military ser¬ 
vices. The spirit of pride and accomplishment dem¬ 
onstrated by military personnel in the post-Cold 
War environment has been exemplary. Continued 
support by the national leadership, the media, the 
US public, commanders, and families have also 
been crucial to the military forces. All these ele¬ 
ments support unit cohesion, a cornerstone of de¬ 
ployment readiness and mission accomplishment. 

This chapter has been designed to illustrate the 
depth of information that is published while at¬ 
tempting to link psychological and social issues to 
the traditional practice of preventive medicine. The 
integrated disciplines have the potential to develop 
a solid bio-psycho-social picture of the behavioral 
and social risks that confront service members and 
families. In this way, the affect education, training, 
and deployment have on health status can be 
tracked and environmental, psychological, and 
moral factors considered. At some later point, these 
factors may be embedded in a medical record sys¬ 
tem that directly feeds surveillance systems, such 
that researchers can understand the exposures and 
measure outcomes. Such a system does not exist 
today but should be considered critical to the mili¬ 
tary mission. 
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INTRODUCTION 


Problems related to the health of military person¬ 
nel returning home after serving abroad are varied 
and not easily solved. Veterans expect and deserve 
recognition for the sacrifices that they have made 
in service to their country. The expected health effects 
of a deployment and the normal occurrence of dis¬ 
eases among veterans often blend with the hazards 
of the war zone to blur the line between expected 
and unexpected health events among veterans. Be¬ 
cause of this, veterans and their health may become 
a focus of national discussion and inquiry. When 
this occurs, the most influential triad will be—as it 
always has been—the veterans, their elected repre¬ 
sentatives, and the military medical community. 
Other interested parties will be families of veterans. 


the press, other coalition forces, and the scientific 
community. The general public angst that can oc¬ 
cur during and after a major military action often 
leads to suspicion of the military establishment. In 
this atmosphere, it can be difficult to establish the 
cause of service member health problems. As an 
outgrowth of this, some of the ties between health 
problems and military service will be tenuous, if not 
specious. The military's primary response to this 
situation and to its responsibility to safeguard the 
health of service members is the redeployment 
medical plan. While risk communication teaches 
that perception is reality, the task of the military 
medical officer is to prepare the redeployment 
medical plan so that its reality shapes perception. 


HISTORICAL PERSPECTIVES ON RECURRING ISSUES IN REDEPLOYMENT 


Throughout the long history of warfare, there 
have been medical problems associated with the re¬ 
deployment of military personnel to their home coun¬ 
try. In the United States, these problems have included 
such psychiatric manifestations as "nostalgia" in the 
Civil War, 1 shell shock in World War I, 2 and post-trau¬ 
matic stress disorder in the Vietnam War. 3 Other 
problems have included "gas lung" after World War 
I and the question of that condition's association 
with the subsequent development of tuberculosis. 4 
After the Vietnam War, veterans and scientists be¬ 
came concerned that the wide use of herbicides 
might have contributed to a number of postdeploy¬ 
ment medical problems. 5 A similar argument has 
been made that a possible multiple chemical sensi¬ 
tivity or new clinical syndrome (from the combined 
use of anti-biological warfare vaccinations and 
anti-nerve agent medications or exposure to insect 
repellents, pesticides, or chemical warfare agents) 
may have resulted in the protean manifestations of 
Persian Gulf War illnesses. 610 

Surviving Battle Trauma 

War affects the returning population of veterans 
and society not just by disease but also in another 
way: disability. Historically, most of those seriously 
injured during combat died on the field of battle or 
in the forward aid stations near the line of battle. 
Beginning with the Civil War, advances in medical 
and surgical practice resulted in greater numbers 
of veterans surviving to return home with amputa¬ 
tions or other medical problems. In 1865 assistance 
to refugees, freed slaves, and veterans of the Civil 


War became the duty of the Bureau of Refugees, 
Freedmen, and Abandoned Lands within the War 
Department. 11 This responsibility grew out of the 
Congressional requirement in 1862 that the Army 
provide prostheses to veterans below the rank of 
captain. From this program developed the military's, 
and ultimately military medicine's, greatly ex¬ 
panded and improved mission of postwar care of 
veterans. 

Combat Stress 

Psychological issues, though incompletely un¬ 
derstood, have always been important in returning 
veterans and are addressed more fully in Chapter 
48, Psychological Aspects of Deployment and Re¬ 
union. Practical experience with combatants has 
shown that the immediate treatment veterans re¬ 
ceive is an important factor in their likelihood of 
developing long-term psychiatric morbidity. The 
simple measures employed since World War I, illus¬ 
trated by the PIE acronym (proximity, immediacy, 
expectancy) or the expanded BICEPS (brevity, imme¬ 
diacy, centrality, expectancy, proximity, simplicity), 
remain effective guidelines for the treatment of 
acute combat stress reactions. Use of these prin¬ 
ciples to return the majority of service members to 
duty quickly decreases long-term morbidity as 
manifested in chronic post-traumatic stress disor¬ 
ders. 12 Since the military has been unable to develop 
an efficient method to "screen out" all personnel 
who are at increased risk for combat stress reactions, 
medical providers must be ever vigilant to mini¬ 
mize this postdeployment problem. 
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Infectious Disease 

The potential for infectious disease is another 
redeployment medical issue. There has long been 
great concern, particularly relating to tropical dis¬ 
eases and diseases with longer incubation periods, 
of introducing or reintroducing these illnesses into 
the United States. 13 " 16 All countries recognize the 
potential for disease transmission given the ease of 
international travel and have established various 
quarantine measures to help prevent transmission 
of diseases and vectors of concern. During the great 
plague pandemic of the 14th century, the Venetians 
established a council of three men that was to su¬ 
pervise and safeguard the public health of the city. 
Over time, the Venetians and other cities adopted a 
40-day isolation period for ships, goods, and per¬ 
sons, hence the term "quarantine," derived from the 
Italian and Latin words for forty. 17 The first record 
of such restrictions in America was a law enacted 
by the Massachusetts Bay Colony in 1647. 18 In sub¬ 
sequent years, quarantine regulations were ex¬ 
panded and modified as situations required for the 
safeguarding of the population. Cholera, plague, 
and yellow fever were the primary concerns in the 
early years of the United States. Later, when people 
began to travel by air more than by ship, the regu¬ 
lations were modified and updated to meet the new 
challenges of air travel. 

This potential for the international transmission 
of infectious disease is never more pronounced than 
in time of war. The influenza pandemic of 1918 and 
1919 and the transmission of hepatitis to United 
Nations peacekeepers assigned to Haiti are two 
examples at opposite ends of the 20th century. 19-22 
At the conclusion of hostilities, the fighting force is 
wounded, tired, parasitemic, and incubating vari¬ 
ous diseases but anxious to get back home to their 
loved ones at the first opportunity. In the modern 
age, the time frame for this return can be literally 
hours. Because of the modern military's ability to 
rapidly transport large numbers of the returning 
force, service members can lift off the ground half 
a world away and be on leave with their relatives 
in as little as 48 hours. Table 49-1 gives a few ex¬ 
amples of important medical problems that have 
few, if any, early symptoms and have been or po¬ 
tentially may be important in redeploying veterans. 

THE REDEPLOYMENT MEI 

To address these problems that recur after so 
many conflicts, the military has developed the re¬ 
deployment medical plan. Its goals are to enable the 


Political Ramifications 

Another important consideration of redeployment 
is the political ramifications of veterans who return 
complaining of new medical problems. A recent 
example shows how public policy goals can appear 
to be at odds with the science of the day when con¬ 
sidering postdeployment medical syndromes. The 
Clinton administration announced the day after 
Memorial Day 1996 that veterans who had served 
in or near the Republic of Vietnam during the 
United States' participation in the Vietnam War are 
presumed to have a service-connected disorder at¬ 
tributable to Agent Orange exposure if they develop 
prostate cancer or peripheral neuropathy. These 
conditions were additions to the list of conditions 
for which the Department of Veterans Affairs (VA) 
already compensates Vietnam veterans, including cer¬ 
tain respiratory cancers, multiple myeloma, porphy¬ 
ria cutanea tarda, soft-tissue sarcoma, non-Hodgkin's 
lymphoma, Hodgkin's disease, and chloracne. 23 For 
the first time in history, the administration extended 
the service-connected presumption to the children 
of Vietnam veterans by designating spina bifida in 
veterans' children as being service-connected. These 
new designations were an outgrowth of an Insti¬ 
tute of Medicine's report 24 that concluded there was 
"limited/suggestive evidence" of an association 
between Agent Orange exposure and these condi¬ 
tions. Secretary of the VA Jesse Brown pointed out 
that public policy as illustrated by pertinent legis¬ 
lation "is clear: If the evidence for an association to 
Agent Orange is equal to the evidence against, the 
veteran must be given the benefit of the doubt." 25pAZ0 
The validity of the science, however, remains to be 
established when the exposure of interest becomes 
"stationed in the Republic of Vietnam" and not the 
"exposure to Agent Orange." In choosing to com¬ 
pensate veterans who were in or near the theater- 
and not necessarily exposed to the presumptive 
agent, the government has based its decision on 
factors other than epidemiologic data. 26 

The question thus becomes not if there will be 
redeployment medical issues but rather what type 
will they be, how they will present, and how they 
can best be detected and managed. If history is any 
guide, the medical aspects of redeployment will 
continue to be important in future operations. 

AL PLAN AND ITS GOALS 

military to identify and treat diseases and disabil¬ 
ity among returning service members, characterize 
new diseases or new presentations of old diseases 
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TABLE 49-1 

SOME PREVENTABLE, DEPLOYMENT-ASSOCIATED HEALTH CONDITIONS WITH MINIMAL 
EARLY SYMPTOMS AND POTENTIALLY SERIOUS DELAYED MANIFESTATIONS 


Condition 

Complication 

Latency 

Intervention 

Example 

Tuberculosis 

Active tuberculosis 

Years 

PPD/Rx 

WW I, 1 Vietnam 2 

Leishmaniasis 

Skin sores, 
espundia, kala azar 

? 

Skin examinations, 
serology 

Persian Gulf War 3 

Strongyloidiasis 

Dissemination 

Decades 

Stool examinations 

ww ii 4 - 6 

Syphilis 

Tertiary syphilis 

Decades 

RPR 

WW 11/ Vietnam 8 

Hookworm 

Anemia 

Months 

Stool examinations 

Grenada 9 

Malaria 

Malaria 

Weeks/years 

Terminal prophylaxis 

Vietnam, 10 Korea, 11 Somalia 
(Operation Restore Hope) 12 

Toxoplasmosis 

Dissemination 

? 

Stool examinations 

Panama 

Stress 

PTSD 

Months / years 

Counseling 

Vietnam 13 

Toxic exposure 
radiation 

Cancer 

Decades 

Education 

Vietnam, WW II 14 - 15 

HIV 

Immunodeficiency 

Years 

Screening, counseling, 
treatment 

Uruguayan soldiers 16 


PTSD: posttraumatic stress disorder 
PPD: purified protein derivative 
RPR: reactive plasma reagin 
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promptly, compensate fairly those with known dis¬ 
abilities, and safely and expeditiously return the fit 
to duty or home. There are generally three purposes 


for the medical plan for the redeployment of per¬ 
sonnel to home or the redistribution of forces within 
a theater. 
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The first purpose of the redeployment plan is to 
recognize the infectious diseases present in the force 
and to prevent the spread of these diseases to other 
forces or to the civilian population. The usual way 
to minimize this problem is to provide some sort of 
medical screening in the theater of operations be¬ 
fore the movement of personnel and then to use 
vector elimination procedures, such as agricultural 
washdowns and airline and shipboard fogging op¬ 
erations, to keep the disease vectors from follow¬ 
ing the forces to the new location. 

Preventing or lessening the medical consequences 
of military occupational exposures on personnel is 
the second purpose of the redeployment plan. The 
range of potential exposures in a theater of opera¬ 
tions can be very broad. The many common and 
potential exposures in a military environment are 
discussed in section 4 of this book and elsewhere. 27 ' 28 
The manifestations of these exposures can be quite 
varied and therefore require a careful plan for moni¬ 
toring the consequences of these exposures in the 
returning force. Planning and documentation must 
take into account the requirement for professional- 
quality environmental sampling within the theater 
of operations. The Department of Defense (DoD) 
has noted this need for samples in its evolving di¬ 
rectives on force medical protection and surveil¬ 
lance. 29-32 The intent is to quantify, geographically 
categorize, and link exposure to individuals oper¬ 
ating in specified areas within an operations area. 
As a result, DoD requires not only targeted envi¬ 
ronmental sampling but also individual serum 
samples for certain exercises or contingency opera¬ 
tions. The intent is to use the enhanced medical and 
environmental knowledge to influence current and 
future operations and to help guide redeployment 
medical care. 

Another aspect of deployment occupational ex¬ 
posure is the acute and chronic effect of psychiatric 

BEFORE WRITING THE REE 

The epidemiologic method is a useful model for 
approaching the challenges of developing a medi¬ 
cal redeployment plan. This method describes the 
appropriate actions whenever there is suspicion of 
new disease in a population. 33 The first five steps 
of this public health method—observation, count¬ 
ing cases or events, relating cases or events to the 
population at risk, making comparisons, and de¬ 
veloping the hypothesis—are intimately linked to 
the methodology employed in the medical plan for 
redeployment. Although there is no established for¬ 
mat or gold standard for redeployment medical 


trauma. Statistics from World War I and World War II 
indicate that about 25% of veterans seeking care did 
so for psychiatric complaints. 12 Most of the "preven¬ 
tive psychiatry" guidelines that have been devel¬ 
oped since World War II are to be used in-theater, 
but one important aspect of the redeployment plan 
is not. It is how quickly personnel return home. The 
cohesion of mission-oriented small groups has been 
shown to be essential to prevent breakdowns in com¬ 
bat. Accordingly, the best way for service members 
to work out their trauma is to discuss it with others 
in their unit who went through the same experiences. 
The modern, rapid time frame for redeployment by 
air, as opposed to the past's slow transport on troop 
ships, does not allow for this necessary process. 
Another aspect to this problem is whether the the¬ 
ater commander routinely redeploys personnel as 
units or as individuals. Historically, units fought 
together and went home together. Modern person¬ 
nel rotation policies, which are based on time ex¬ 
posed, are designed to give combat experience to 
more personnel, but they work against the psycho¬ 
logical health of the individual and the unit. 12 In¬ 
terestingly, the preventive medicine community 
may be well positioned to integrate these and simi¬ 
lar mental health issues into routine postdeployment 
education, reminders, and screening because of 
their proximity to the commanders and their custom¬ 
ary involvement with operational plans. Interventions 
provided by a preventive medicine practitioner may 
be more acceptable than those of a psychiatric team 
for the "normal" survivor of the deployment or war- 
zone experience. 

The third purpose of the redeployment medical 
plan is to ascertain the force's medical fitness for 
subsequent duty. In the modern all-volunteer force, 
it is very important to determine quickly who is 
medically fit for continued duty and who must be 
released from active duty. 

LOYMENT MEDICAL PLAN 

planning, focusing on this method and remembering 
the strengths and weaknesses of various medical 
screening tools (Table 49-2) provides some guidance. 

As a practical matter, the medical personnel writ¬ 
ing the medical annex of the redeployment plan 
must operate within constraints often beyond their 
control. Any measure that slows the return of the 
force or creates additional logistical burdens or ex¬ 
pense is likely to be challenged. To implement the 
plan, the medical department will need to obtain 
the approval of the line commander responsible for 
the overall movement of personnel. Critical decisions 
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TABLE 49-2 

STRENGTHS AND WEAKNESSES OF MEDICAL SCREENING TOOLS* 



Interim 

Medical History 

Limited 

Physical Examination 

Laboratory 

Procedures 

Biological 

Monitoring 

Sensitivity 

+ 

+/- 

+ + 

+ + 

Specificity 

+ 

+ /- 

— 

+ + 

Low cost 

+ + 

+ + 

+ /- 

+ /- 

Acceptability 

+ + 

+ + 

+ /- 

+ /- 

Ease of performance 

+ + 

+ + 

+ /- 

+ /- 

Accuracy 

+ /- 

+ /- 

+ + 

+ + 

Reproducibility 

+ /- 

+ /- 

+ + 

+ + 


Assumes adequate clinical skills and state-of-the-art technology 

Reprinted from: Deeter DP, Ruff JM. US Army health programs and services. In: Deter DP, Gaydos JC, eds. Occupational Health: the 
Soldier, and the Industrial Base. In: The Textbook of Military Medicine. Washington, DC: Dept of the Army, Office of The Surgeon 
General, Borden Institute; 1993: 77. Table 3-2. 


will need to be made about the implementation of 
the plan. What portions of the medical plan must 
be implemented in the theater and what portions 
will be done after return home? What additional 
resources will be required in-theater and at home? 
Will special diagnostic tests be used to validate the 
threat? If so, will they be biomarkers, various envi¬ 
ronmental and zoological samples, or something 
else? Will specialized laboratory support be re¬ 
quired, such as the Army's Theater Army Medical 
Laboratory or the Navy's Forward Deployable 
Laboratory? 

Resistance during this phase of planning often 

ELEMENTS OF THE REDE 

Redeployment medical plans will have to address 
certain broad topics. These will include at a minimum 
service member education, medical screening, surveil¬ 
lance, and establishment of priorities for data gather¬ 
ing. The chances of a smooth redeployment, with a 
minimum of unexplained or undiagnosed illnesses, 
increase if these issues are discussed and decided on 
long before anyone packs a duffel bag. 

Education 

The first area that the plan should address is ser¬ 
vice member education. Providing an accurate update 
of the nature of the medical threat that was encoun¬ 
tered and a thorough explanation of any special coun¬ 
termeasures taken helps the exposed population know 


springs from the perception that these efforts are 
"just research." This perception exists both in the 
line and the medical communities. In fact, the ef¬ 
forts may be "just research" or unnecessary in a 
"healthy" force if the disease and nonbattle injury 
experience is minimal. Even in the best of times, there 
is generally great reluctance to dedicate already 
sparse personnel resources to "new" medical re¬ 
quests. However, pointing out the three purposes 
listed above as the basis for the efforts, plus the 
growing DoD emphasis on improved redeployment 
care and citing pertinent directives, should help 
lessen resistance to the plan. 

TYMENT MEDICAL PLAN 

when something new may be happening to them. 
Additionally, good individual knowledge is necessary 
because many of these individuals will leave the mili¬ 
tary or go to new duty stations in the first few months 
after a deployment. Simple measures, such as edu¬ 
cating them about how and why to continue their 
postdeployment medical regimen of anti-malaria pro¬ 
phylaxis or about any special vaccinations they may 
have received, can have profound effects. Future ci¬ 
vilian or military medical providers will need to know 
these sorts of important points in the patient's medi¬ 
cal history. Providing a medical summary sheet of the 
deployment in each individual's medical record may 
be the best way to do this. Listing agencies and phone 
numbers where subsequent questions can be directed 
may also be helpful. 
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Medical Screening 

The second area that needs to be addressed in 
the redeployment plan is how to medically screen 
the returning force. There are many ways that this 
can be done. The simplest is to screen only those 
with a current complaint, but this is too easily in¬ 
fluenced by service members' desires to return 
home quickly and would likely miss many preva¬ 
lent conditions. A more practical but administra¬ 
tively burdensome method is to require personnel 
to fill out a standardized health screening question¬ 
naire before deployment to verify deployability 
(Figure 49-1). 29,30 This has the obvious advantage of 
providing some documentation of medical condi¬ 
tions that existed before the deployment. These 
screening questionnaires, when coupled with the 
individual's record of medical care, provide a bet¬ 
ter baseline for the service member's health before 
and during the deployment. 34,35 

Postdeployment Surveillance 

The third area of the redeployment medical plan 
is postdeployment surveillance for medical prob¬ 
lems; implementation of this can become a sensi¬ 
tive issue. "Cradle to grave" medical surveillance 
is being planned by the Department of Defense. 29,30 
A version of the framework envisioned is illustrated 
in Table 49-3 and a listing of the guidance provided 
for postdeployment screening of service members 
returning from Bosnia (Exhibit 49-1). What is avail¬ 
able now is a patchwork of datasets, including in¬ 
patient medical datasets and operational weekly 
disease surveillance for large joint military opera¬ 
tions outside the United States. Additionally, com¬ 
puterized casualty datasets, veteran disability 
datasets, active duty and VA inpatient hospitaliza¬ 
tion records, pharmacy utilization data. Compos¬ 
ite Health Care System records, and summaries of 
routinely reportable diseases of interest are avail¬ 
able through the VA and the individual services. 

The ability to accumulate active, ongoing disease 
surveillance is crucial to understanding the medi¬ 
cal consequences of deployment. Until the services 
have data that more clearly delineate the baseline 
rates of various medical conditions, it will be very 
difficult to count cases or events or to relate cases 
or events to the population at risk—both crucial 
steps in the epidemiologic method. Before active 
surveillance is made the norm, inpatient datasets 
or targeted screening of representative subpopula¬ 
tions will have to be used to look for diseases and 
conditions of interest. 


Active, "real-time," weekly disease surveillance 
was first used successfully on a large scale by the 
US military during the Persian Gulf War. 36,37 The 
focus of the surveillance effort was to identify dis¬ 
eases and conditions that have effective public 
health intervention strategies. This weekly data 
summary provided the medical personnel and the 
line commanders with accurate information about 
what diseases and conditions were active in the de¬ 
ployed personnel throughout the theater of opera¬ 
tions; it also made possible the rapid application of 
appropriate interventions to limit the impact of dis¬ 
ease on the forces. Continuing to use this surveillance 
tool among elements of the redeploying force may 
be an interim solution to the problem of identifying 
new conditions or increased rates of disease among 
service members. Due to the recognized success of 
these efforts, a Joint Staff memorandum institution¬ 
alized this effort for all joint military operations 
outside the United States. 38 This effectively began 
the DoD effort to institutionalize active disease sur¬ 
veillance for military personnel. 

Another important initiative during the Persian 
Gulf War was the deployment of a public health 
laboratory into the theater of operations. The Navy 
Research and Development Command deployed a 
forward lab to A1 Jubayl, Saudi Arabia, under the 
control of the Navy Central Command Surgeon. 
This laboratory could use modern research labora¬ 
tory techniques to rapidly identify infectious 
threats. 37,39 Medical threat information generated by 
the forward laboratory helped define and quantify 
the medical threat in the theater. This type of infor¬ 
mation is crucial to identifying the areas of concern 
for the redeployment medical plan. Although the 
command relationships of the laboratory were 
blurred somewhat during this deployment, a con¬ 
sensus has formed that this capability was critical 
to the medical officers advising the operational 
commander. 40 A forward laboratory formally tasked 
to support the efforts of the force preventive medicine 
advisors could be responsive to the mini-outbreaks 
of disease identified through active surveillance and 
provide the scientific characterization of the threat 
necessary to focus appropriate public health inter¬ 
ventions, provide medical treatment recommenda¬ 
tions, and advise the affected line commanders 
about the exact nature of the medical threat. 

The ability to couple this in-theater disease inci¬ 
dence and laboratory identification information 
with postdeployment medical surveillance via 
record linkage will be crucial to future efforts to 
analyze deployment-related disease. This is being 
done by the Comprehensive Clinical Evaluation 
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PRE-DEPLOYMENT Health Assessment 



Authority: 10 U.S.C. 136 Chapter 55. 1074f, 3013, 5013, 8013 and E.O. 9397 

Principal Purpose: To assess your state of health before possible deployment outside the United States in support of military 
operations and to assist military healthcare providers in identifying and providing present and future medical care to you. 

Routine Use: To other Federal and State agencies and civilian healthcare providers, as necessary, in order to provide necessary 
medical care and treatment. 

Disclosure: (Military personel and DoD civilian Employees Only) Voluntary. If not provided, healthcare WILL BE furnished, but 
comprehensive care may not be possible. 


INSTRUCTIONS: Please read each question completely and carefully before marking your selections. Provide a response 
for each question. If you do not understand a question, ask the administrator. 


Demographics 


Last Name 



















First Name 



Ml 
















r 

Deploying Unit 



















Today’s Date (dd/mm/yyyy) 

/ 


/ 


Ml Social Security Number 


DOB (dd/mm/yyyy) 
/ 


Gender 

Service Branch 

Component 

O Male 

O Air Force 

O Active Duty 

O Female 

O Army 

O National Guard 


O Coast Guard 

O Reserves 


O Marine Corps 

O Navy 

O Other 

O Civilian Government Employee 


O El 
O E2 
O E3 
O E4 
O E5 
O E6 
O E7 
O E8 
O E9 


Pay Grade 

O 01 
O 02 
O 03 
O 04 
O 05 
O 06 
O 07 
O 08 
O 09 
O 010 


O W1 
O W2 
O W3 
O W4 
O W5 
O Other 


Location of Operation 


O Europe 

O Australia 

O SW Asia 

O Africa 

O SE Asia 

O Central America 

O Asia (Other) 

O Unknown 

O South America 



Deployment Location (IF KNOWN) (CITY, TOWN, or BASE): 
















List country (IF KNOWN): 















Name of Operation: 




Administrator Use Only 

Indicate the status of each of the following: 

Yes 

No 

N/A 

o 

o 

O Medical threat briefing completed 

o 

o 

O Medical information sheet distributed 

o 

o 

O Serum for HIV drawn within 12 months 

o 

o 

O Immunizations current 

o 

o 

O PPD screening within 24 months 



DD FORM 2795, MAY 1999 


ASD (HA) APPROVED SEPTEMBER 1998 Ver 1.3 
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(Fig. 49-1 continues) 
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PLEASE FILL IN SOCIAL SECURITY # 



Health Assessment 


1. 

Would you say your health in general is: O Excellent 

O Very Good 

O Good 

O Fair 

O Poor 

2. 

Do you have any medical or dental problems? 



O Yes 

0 No 

3 

Are you currently on a profile, or light duty, or are you undergoing a medical board? 



O Yes 

O No 

4. 

Are you pregnant? (FEMALES ONLY) 

O Don't Know 

O Yes 

O No 

5. 

Do you have a 90-day supply of your prescription medication or birth control pills? 


O N/A 

O Yes 

0 No 

6 

Do you have two pairs of prescription glasses (if worn) and any other personal medical equipment? 

O N/A 

0 Yes 

O No 

7. 

During the past year, have you sought counseling or care for your mental health? 



O Yes 

O No 

8. 

Do you currently have any questions or concerns about your health? 



O Yes 

O No 


Please list your concerns: 


Service Member Signature 


I certify that responses on this form are true. 


Pre-Deployment Health Provider Review (For Health Provider Use Only) 


After interview/exam of patient, the following problems were noted and categorized by Review of Systems. More than one may be 
noted for patients with multiple problems. Further documentation of problem to be placed in medical records. 


REFERRAL INDICATED 

O None 
O Cardiac 

O Combat / Operational Stress Reaction 
O Dental 
O Dermatologic 

O ENT 
O Eye 

O Family Problems 

O Fatigue, Malaise, Multisystem complaint 

FINAL MEDICAL DISPOSITION: 

Comments: (If not deployable, explain) 


O Gl 
O GU 
O GYN 

O Mental Health 
O Neurologic 
O Orthopedic 
O Pregnancy 
O Pulmonary 
O Other 

O Deployable O Not Deployable 


I certify that this review process has been completed. 
Provider's signature and stamp 


Date (dd/mm/yyyy) 

/ 


End of Health Review 
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DD FORM 2795, MAY 1999 ASD (HA) APPROVED SEPTEMBER 1998 Ver 1.3 

Fig. 49-1. Predeployment Health Assessment, Department of Defense Form 2795 
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TABLE 49-3 

COMPONENTS OF MEDICAL SURVEILLANCE BY THE PHASE OF DEPLOYMENT 


Tasks 

Predeployment 

During Deployment 

Postdeployment 

Identify population 
at risk 

Field a seamless DoD ambula¬ 
tory health data system 

Ensure deployment readiness 
of individuals using auto¬ 
mated record system 

Collect data on unit strength 
and locations and on 
individuals' deployment 
histories 

Archive deployment infor¬ 
mation related to units and 
individuals 

Disseminate findings 

Assess health 

Perform continuous health 
status surveillance and track 
deployability status 

Maintain serum bank 

Do real-time disease surveil¬ 
lance 

Analyze surveillance data and 
report to commanders 

Do scenario-specific screen¬ 
ing and targeted medical 
evaluations 

Continue medical surveillance 

Identify exposures 
of medical 
interest 

Prepare and distribute threat 
assessments for potential 
AORs 

Identify threats during 
planning phase for specific 
contingencies 

Do special assessments of 
occupational and environ¬ 
mental exposures while in 
theater 

Look for related clinical cases 

Update medical threat 
assessment based on 
special assessments, 
ongoing intelligence 
collection activities, and 
disease surveillance data 

Institute individual 
and unit force 
protection mea¬ 
sures 

Determine PM countermea¬ 
sures and incorporate into 
OPLANS 

Execute predeployment 
countermeasures (train, 
equip, supply, immunize) 

Reinforce or introduce added 
protective countermeasures 
based on analysis of disease 
surveillance data 

Identify requirements for 
new countermeasures 

Incorporate measures into 
OPLANS 


PM: preventive medicine 
DoD: Department of Defense 
AOR: area of operations 
OPLANS: operations plans 

Adapted from: US Dept of Defense. Implementation and Application of Joint Medical Surveillance for Deployments. Washington, DC: 
DoD; 1997. DoD Instruction 6490.3. 


Program as it looks at the medical complaints of 
previously uncharacterized Persian Gulf War ill¬ 
nesses. Additionally, reporting of sentinel events 
through the DoD or the Centers for Disease Con¬ 
trol and Prevention, when coupled to emerging, 
laboratory-based, automatic electronic surveillance, 
will allow comparisons that have been impossible 
in prior deployments. These comparisons will pro¬ 
vide a better understanding of the actual health situ¬ 
ation of redeploying personnel and help to firmly 
establish (or rule out) multifactorial deployment 
syndromes. 

Final questions include: How will we assess the 
quality of the data gathered? What are the sensitiv¬ 
ity and specificity of the measures to be used? Have 
those measures been validated on the population 
of concern or a similar one? These questions are 
important to the immediate plans for deployment. 


but their answers also will form the basis for any 
subsequent investigation into health effects from the 
deployment. 

Setting the Priorities 

The final general area that the redeployment 
medical plan must address is how to establish the 
data points of medical interest in this population. 
The clinical or administrative surveys mentioned 
previously are one important part, but the service 
medical departments have the ability to collect other 
potentially important medical information. Will 
information be collected about stress and mental 
health? Should medical personnel collect serum 
samples, hair samples, or other body fluids? What 
type of environmental or zoological sampling should 
be done before leaving the theater of operations? Can 
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EXHIBIT 49-1 

DEPARTMENT OF DEFENSE (HEALTH AFFAIRS) GUIDANCE FOR POSTDEPLOYMENT 
SCREENING FOR BOSNIA 


• On departure from Bosnia or within 30 days of return to home station, personnel shall receive a redeploy¬ 
ment medical briefing and medical evaluation and the information shall be documented on Standard Form 
600, Chronological Record of Medical Care. Completed assessments shall be placed in the member's medi¬ 
cal record, and a copy forwarded to the Bosnia Deployment Surveillance Office. 

• As part of the medical evaluation, medical staff will collect serum (one 10 cc red top tube spun down) from 
all personnel within 30 days of return from deployment. This shall be used for diagnosis, medical surveil¬ 
lance, and other purposed if needed in the future. They shall not be used for any genetics related testing. 

• As part of the redeployment medical assessment, all Service members shall complete a diagnostic battery 
to identify individuals at risk for development of mental health diagnoses known to be related to deployment. 

• The Services shall ensure that members receive a medical debriefing within 30 days after arrival at their 
home station, or as soon as possible in the case of Guard/Reserve personnel. These briefings shall rein¬ 
force medical guidance and provide additional information. Additionally, stress management and family 
advocacy resources shall be made known and readily available to Service members and their families. 

• A representative sample of units and personnel may be identified to receive diagnostic evaluations in 
order to more definitely assess overall health status and evaluate possible medical sequelae of deployment. 

• The Services' epidemiologic/surveillance centers shall maintain rosters of deployed personnel to conduct 
active postdeployment medical surveillance. 

• Deployed medical staff shall document lessons learned. 

Reprinted from: Assistant Secretary of Defense. Medical Surveillance Plan for U.S. Ground Forces Deploying to Bosnia. Wash¬ 
ington, DC: Department of Defense; 1996. 


personnel records be linked to the service member's 
geographic location within the theater for subse¬ 
quent analysis of the exposure? The answer to these 
questions seems to be yes. Early efforts were made to 
do all of these in the deployments to Haiti and Bosnia. 
This rational approach is in line with the recommen¬ 
dations of the Presidential Advisory Committee on 
Gulf War Veterans Illnesses and the requirements of 
public law. 41 But no one knows for certain which, if 
any, of these measures will prove truly useful for sub¬ 
sequent analysis. Additionally, the ability to link 
datasets in a rational, retrievable, relevant fashion that 
can be continually updated from a forward de¬ 
ployed force is as necessary as it is daunting. In the 


interim, retrospective data analysis that uses surro¬ 
gate markers for exposure in place of documented ex¬ 
posure has yet to be validated. Also, the purely retro¬ 
spective nature of the analysis is less desirable than a 
prospective analysis, which could look more robustly 
at the medical consequences of deployment. 42 Care¬ 
fully designed prospective studies would be very ex¬ 
pensive and labor intense but may be necessary in 
some cases, such as to look at the known relationship 
between deployments, combat, and stress. It may be 
time to study more carefully the relationship between 
deployment, stress, and subsequent somatic com¬ 
plaints since this is a question that has seemed to lin¬ 
ger after all major deployments (Table 49-4). 43 


THE ROLE OF THE DEPARTMENT OF DEFENSE, THE DEPARTMENT OF VETERANS AFFAIRS, 

AND SELECTED ADVISORY PANELS 


The Department of Defense 

The role of the DoD regarding medical problems 
associated with a deployment historically has been 
3-fold. First, the DoD is responsible for maintain¬ 


ing a fit and ready fighting force. This includes treat¬ 
ing the sick and wounded so they can return to duty 
or separating them if they are no longer able to 
serve. Second, it is responsible to the country to 
implement any medical lessons learned in the plans 
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TABLE 49-4 

SOMATIC SYMPTOMS COMMONLY ASSOCIATED WITH WAR-RELATED MEDICAL AND 
PSYCHOLOGICAL ILLNESSES 


Symptom 




War and Illness 
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Fatigue or exhaustion 

+ 

+ 

+ 

+ 

+ 

+ 

Shortness of breath 

+ 

+ 

+ 


+ 

+ 

Palpitations and tachycardia 

+ 

+ 

+ 


+ 


Precordial pain 

+ 

+ 



+ 

+ 

Headache 

+ 

+ 

+ 

+ 

+ 

+ 

Muscle or joint pain 




+ 

+ 

+ 

Diarrhea 

+ 


+ 

+ 

+ 

+ 

Excessive sweating 

+ 

+ 

+ 




Dizziness 

+ 

+ 

+ 

+ 

+ 


Fainting 

+ 

+ 





Disturbed sleep 

+ 

+ 

+ 

+ 

+ 

+ 

Forgetfulness 


+ 

+ 

+ 

+ 

+ 

Difficulty concentrating 


+ 

+ 

+ 

+ 

+ 


Reprinted with permission from: Hyams KC, Wignall FS, Roswell R. War syndromes and their evaluation: from the U.S. Civil War 
to the Persian Gulf War. Ann Intern Med. 1996;125:399. 


for future operations to lessen disease and injury. 
And third, it is responsible to disseminate medical 
information that may be of interest to military veter¬ 
ans and to the country from any ongoing research 
or intelligence activities. Administratively, the DoD 
usually provides lists of personnel and service his¬ 
tory information for postservice medical claims. In 
this regard, the DoD role has expanded in light of 
its actions with the Comprehensive Clinical Evalu¬ 
ation Program and other database creation and link¬ 
age activities. 

The DoD has undertaken several initiatives de¬ 
signed to expand its capacity to study deployment 
medical syndromes. These efforts build on the 1993 
Joint Staff memorandum that instituted active dis¬ 
ease surveillance for all joint military operations 
taking place outside the United States. Arguably the 
next major step was the participation of the Office 
of the Assistant Secretary of Defense (Health Af¬ 
fairs) in the preventive medicine guidance given by 


the US Commander in Chief, European Command, 
for the US forces involved in the peace implemen¬ 
tation mission in Bosnia. 34,35 These memorandums 
were released at a time when the Office of the As¬ 
sistant Secretary of Defense (Health Affairs) and 
other DoD agencies were extensively involved with 
the investigation into Persian Gulf War illnesses. It 
seems clear that this input was designed to collect 
what all involved hoped would be useful informa¬ 
tion if investigations of future syndromes were re¬ 
quired. The DoD has since increased its efforts to 
study the health of military forces before, during, 
and after deployments. Public Law 105-85, enacted 
in January 1997, mandates improved medial tracking 
for deployments, tracking of new investigational 
drugs, and reports on medical tracking efforts. The 
DoD Instructions and Directives mentioned earlier 
and a policy charter designed to expand the sur¬ 
veillance capability and preventive medicine input 
into military activities have all been promulgated. 
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The Joint Preventive Medicine Policy Group Char¬ 
ter was signed in January 1997. 44 This group im¬ 
proves preventive medicine support in joint opera¬ 
tions and facilitates coordination between DoD 
agencies by acting as a single clearinghouse for pre¬ 
ventive medicine recommendations for those for¬ 
mulating DoD policy. 

The Department of Veterans Affairs 

In addition to the DoD, there are three civilian 
governmental agencies that are likely to be involved 
in evaluating the scientific basis of postdeployment 
medical problems of service members and veterans. 
The first of these, the VA, is the primary partner to 
the DoD in the treatment and investigation of 
postdeployment medical problems. 45 The VA pro¬ 
vides treatment to those with service-connected 
injury and illness through a large network of VA 
hospitals and rehabilitation centers. It coordinates 
the large body of research on veterans' health prob¬ 
lems. It also aids in determining benefits for veter¬ 
ans with service-connected conditions and associ¬ 
ated disability. 

Selected Advisory Panels 

The second governmental agency involved in 


service member and veteran health matters is the 
Medical Follow-up Agency (MFUA). The MFUA 
began epidemiologic research on military veteran 
populations after World War II. It publishes peri¬ 
odic proceedings of ongoing and planned research, 
sources of data on veterans, and methodological 
considerations for those who are interested in the 
results and techniques of health research on mili¬ 
tary populations. In 1970, the Institute of Medicine 
was chartered as a component of the National Acad¬ 
emy of Sciences to enlist distinguished members of 
appropriate professions to examine policy matters 
pertaining to the health of the public. 46,47 Since that 
time, the MFUA has been placed under the Insti¬ 
tute of Medicine, where its expert panels continue 
their work analyzing the health of veterans. 

The third important civilian epidemiologic over¬ 
sight agency is the Armed Forces Epidemiological 
Board. The Board was formally chartered as a civil¬ 
ian scientific and medical advisory board to the 
Department of the Army in 1953. 47 It was first con¬ 
ceived of in 1940 and was the logical outgrowth of 
a series of commissions started before World War 
II to look at medical and scientific questions of in¬ 
terest to the Army (see Chapter 5, Conserving the 
Fighting Strength: Milestones of Operational Mili¬ 
tary Preventive Medicine Research and Chapter 8, 
The Basic Training Environment). 


SUMMARY 


There is no gold standard method for preparing 
for redeployment and postdeployment medical 
problems. However, using emerging computer infor¬ 
mation technology with older public health methods 
may enable military medical personnel to find new 
ways to locate and analyze disease trends and so 
allow a better understanding of the health effects of 
deployments. These efforts may uncover new syn¬ 


dromes, whether they be new psychological patterns 
of disease or new infectious diseases. But it must be 
remembered that preparation for redeployment be¬ 
gins before deployment and continues throughout the 
deployment. The redeployment plan is the best op¬ 
portunity to institutionalize a redeployment medical 
process that may minimize postdeployment medical 
problems in the active duty and veteran populations. 
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ABBREVIATIONS and ACRONYMS 


A 

A/C/Y/W-135: the tetravalent vaccine 
A2LA: American Association for Laboratory Accreditation 
AAFMS: Army Aviation Fighter Management System 
ABCA's QSTAG: American, British, Canadian, and 
Australian's Quadripartite Standardization Agreement 
AC: active component of the US Armed Forces 
AC: alternating current 
AC: hydrogen cyanide (hydrocyanic acid) 

ACGIF1: American Conference of Governmental Industrial 
Flygienists 

ACIP: Advisory Committee on Immunization Practices 

ACLS: Advanced Cardiac Life Support 

ADE: antibody-dependent enhancement 

AFEB: Armed Forces Epidemiological Board 

AFMIC: Armed Forces Medical Intelligence Center 

AGE: arterial gas embolism 

AF1F: Argentine hemorrhagic fever 

ALT: alanine aminotransferase 

AMAL: Authorized Medical Allowance List 

AMB: amphotericin B 

AMS: acute mountain sickness 

ANG: Air National Guard 

ANSI: American National Standards Institute 

AOR: area of responsibility 

AR: Army regulation 

ARCENT: US Army component, US Central Command 

ARD: acute respiratory disease 

ARNG: Army National Guard 

ARS: acute radiation syndrome 

ARS: anti-rabies serum 

ASD(FIA): Assistant Secretary of Defense (Idealth Affairs) 
ASF1RAE: American Society of Ideating, Refrigerating, and 
Air-Conditioning Engineers 
ASMB: area support medical battalion 
AST: aspartate aminiotransferase 
ASVAB: Armed Services Vocational Aptitude Battery 
ata: atmosphere-absolute 
ATC: Air Transportable Clinic 
ATId: Air Transportable Fiospital 

B 

BAL: British anti-Lewisite 

BCG: bacille Calmette-Guerin 

BEEF: Base Engineer Emergency Force 

BldF: Bolivian hemorrhagic fever 

BI: battle injury 

BMI: body mass index 

BOD: biochemical oxygen demand 

BOD s : biochemical oxygen demand measured after 5 days 

BPG: benzathine penicillin G 

BUMED: Bureau of Medicine and Surgery 

BW: biological warfare 

BW: biological weapon 

c 

C and R: Construction and Repair 
CA: civil affairs 

CAM: Chemical Agent Monitor 

CATT: card agglutination test 

CBI: China-Burma-India theater. World War II 

CBIRF: Chemical Biological Incident Response Force 

CCHF: Crimean-Congo hemorrhagic fever 

CCP: critical control point 


CDC: Centers for Disease Control and Prevention 
CEE: Central European TBE 

CENTAF: US Air Force component, US Central Command 
CENTCOM: US Central Command 

CERCLA: Comprehensive Environmental Response, Compen¬ 
sation, and Liability Act 
CF: complement fixation 
CFA: circulating filarial antigen 
CFR: case fatality rate 
CFR: Code of Federal Regulations 
CFU: colony-forming unit 
CG: phosgene (carbonyl chloride) 

CHCS II: Composite Health Care System II 
CHO: carbohydrate 
CHO-E: carbohydrate-electrolyte 
CHPPM: Center for Health Promotion and Preventive 
Medicine 

CINC: Commander-in-Chief 

CINCCENT: Commander in Chief, US Central Command 

CIVD: cold-induced vasodilation 

CK: cyanogen chloride 

CL: confidence limits 

CL: cutaneous leishmaniasis 

CMR: crude mortality rate 

CN: Mace 

CNS: central nervous system 

CO: carbon monoxide 

COA: course of action 

COD: chemical oxygen demand 

CONPLAN: concept plan 

C-P: chloroquine plus primaquine 

CPAP: continuous positive airway pressure 

CPE: chemical protective ensemble 

CRS: congenital rubella syndrome 

CS: Clinical Services 

CSC: combat stress casualty 

CSC: combat stress control 

CSF: cerebrospinal fluid 

CSF-VDRL: cerebrospinal fluid - Venereal Disease Research 
Laboratory 

CSR: Combat Stress Reaction 
CSW: commercial sex workers 
CT: cholera toxin 
CW: chemical warfare 

D 

DACOWITS: Defense Advisory Committee on Women in the 
Services 

DALY: disability adjusted life years 

DAN: Diver Alert Network 

dapsone: 4,4'diaminodiphenylsulfone 

DART: Disaster Assistance Response Teams 

DASD: Deputy Assistant Secretary of Defense 

dBP: decibel peak 

DC: direct current 

DCI: decompression illness 

DCL: diffuse cutaneous leishmaniasis 

DCS: decompression sickness 

DDT: dichlorodiphenyltrichloroethane 

DEET: N,N-diethyl-l,3-methylbenzamide 

DDT: dichloro-diphenyl-trichloroethane 

DEC: diethylcarbamazine citrate 

DEPMEDS: deployable medical system 

DHF: Dengue hemorrhagic fever 

DHHS: Department of Health and Human Services 
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DIA: Defense Intelligence Agency 

DIC: disseminated intravascular coagulation 

DMAT: Disaster Medical Assistance Team 

DMO: Diving Medical Officer 

DMT: Diving Medical Technicians 

DNA: deoxyribo-nucleic acid 

DNBI: disease and nonbattle injury 

DoD: Department of Defense 

DODMERB: Department of Defense Medical Evaluation 
Review Board 

DOEHRS-HC: Defense Occupational and Environmental 
Health Readiness System in Hearing Conservation 
DP: displaced person 

DPMIAC: Defense Pest Management Information Analysis 
Center 

DPRK: Democratic Peoples Republic of Korea 
DSM-III: American Psychiatric Associations' Diagnostic and 
Statistical Manual 
DT: dye test 

DTaP: diphtheria-tetanus-acellular pertussis 
DTP: diphtheria-tetanus-pertussis 

E 

EAF: enteroadherent factor 
EAST: enteroaggregative heat-stabile toxin 
ECHO: European Community Humanitarian Office 
ECPPC: epidemiological classification of paralytic polio¬ 
myelitis cases 

EEE: Eastern equine encephalitis 

EFMP: Exceptional Family Member Program 

EHIC: enterohemorrhagic E coli 

EIA: enzyme immunoassay 

EIA: enzyme-linked immunoassay 

EIEC: Enteroinvasive E coli 

ELISA: enzyme-linked immunosorbent assay 

EMJH: Tween 80-albumin 

EMPCER: estimated mean per capita energy requirement 

EOD: explosive ordnance disposal 

EPA: US Environmental Protection Agency 

EPEC: Enteropathogenic E coli 

EPICON: Epidemiologic Consultant Service 

EPW: enemy prisoner of war 

ER: emergency room 

ERIG: equine rabies immune globilin 

ESFs: Emergency Support Functions 

ETEC: Enterotoxigenic E coli 

F 

FAMA: fluorescent antibody to membrane antigen assay 

FCO: Federal Coordinating Officer 

FDA: Food and Drug Administration 

FEMA: Federal Emergency Management Agency 

FLA: front line ambulance 

FNV: French Neurotropic Vaccine 

FHP: Force Health Protection 

FRERP: Federal Radiological Emergency Response Plan 

FRP: Federal Response Plan 

FSME: Fruhsommer-meningoenzephalitis 

FTA-ABS: fluorescent treponemal antibody absorbed 

FUOs: fevers of undetermined origin 

G 

Gl: Personnel 
G3: Operations 
G4: Logistics 

G6PD: glucose 6-phosphate dehydrogenase 


GABHS: group A p-hemolytic streptococcus 
GA: tabun 
GB: sarin 

GBS: Guillain-Barre syndrome 

G-CSF: granulocyte colony-stimulating factor 

GD: soman 

GF: no expansion, no common name 
GI: gastrointestinal 

GLOC: G force-induced loss of consciousness 
GTMO: US Naval Base at Guantanamo Bay, Cuba 

H 

HACCP: Hazard Analysis Critical Control Point 

HACE: high altitude cerebral edema 

HAPE: high altitude pulmonary edema 

HARH: high altitude retinal hemorrhage 

HAV: hepatitis A virus 

HAZMIN: hazard minimization 

HBIG: hepatitis B immune globulin 

HBV: hepatitis B virus 

HCA: humanitarian civic assistance 

HCV: hepatitis C virus 

HDAg: hepatitis D antigen 

HDV: hepatitis D virus 

HEV: hepatitis E virus 

HGV: hepatitis G virus 

HDCV: human diploid cell rabies vaccine 

HDR: Humanitarian Daily Ration 

heliox: helium-oxygen mixture 

HEPA: high efficiency particulate air 

HFRS: hemorrhagic fever with renal syndrome 

HGE: human granulocytic ehrlichiosis 

HIS: health information system 

HIV: human immunodeficiency virus 

HIV-1: human immunodeficiency virus-1 

HME: human monocytic ehrlichiosis 

HMMWV: High Mobility Multipurpose Wheeled Vehicle 

HPM: Humanitarian Pouched Meal 

HPS: hantavirus pulmonary syndrome 

HRIG: human rabies immunoglobulin 

HPV: human papilloma virus 

HSO&R: Health Services Operations and Readiness 
HTLV-I: human t-cell lympho-trophic virus type I 

I 

ICRC: International Committee of the Red Cross 

ICU / CCU: intensive care unit/cardiac care unit 

ID: immunodiffusion 

IDA: Individual Dynamic Absorption 

IDC: Independent Duty Corpsman 

IDE: Investigational Device Exemption 

IFA: immunofluorescent assay 

IFA: indirect fluorescent antibody 

IG: immune globulin 

IgG: immunoglobulin G antibody 

IgM: immunoglobulin M antibody 

IM: intramuscular 

IMA: Individual Mobilization Augmentee 

IMB: Information, Motivation, and Behavioral Skills 

IND: investigational new drug 

IPP: immunoperoxidase 

IPV: inactivated polio vaccine 

IRR: incidence rate ratio 

IRR: Individual Ready Reserve 

IUD: intrauterine device 

IV: intravenous 
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J 

JCS: Joint Chiefs of Staff 

JE: Japanese encephalitis 

JEV: Japanese encephalitis virus 

JOTC: Jungle Operations Training Center 

JTF: Joint Task Force 

JTF-CS: Joint Task Force-Civil Support 

K 

KFD: Kyasanur Forest disease 

L 

LCR: ligase chain reaction 

LD 50 : the dose that is lethal to 50% of those exposed 

LET: leukocyte esterase test 

LFA: Lead Federal Agency 

LGV: lymphogranuloma venereum 

LIC: low-intensity conflict 

LITE: low-intensity training and exercise 

LPS: lipopolysaccharide 

LR: leishmaniasis recidivans 

LRP II: Food Packet, Long Range Patrol II 

LT: heat-labile toxin 

M 

MACV: Military Assistance Command, Vietnam 
MAST: military anti-shock trousers 
MCA: Medical Civic Action 
MCLG: maximum contaminant level goal 
MCRD: Marine Corps Recruit Depot 
MEDCAP: Medical Civic Action Program 
MEDIC: Medical Environmental Disease Intelligence and 
Countermeasures 

MEDRETE: Medical Readiness Training Exercise 
MEF: Marine Expeditionary Force 
MEPCOM: US Military Entrance Processing Command 
MEPS: Military Entrance Processing Stations 
MEPSCAT: Military Enlistment Physical Strength Capacity 
Test 

MFUA: Medical Follow-up Agency 
MH: Mantel-Haenszel 
MIC: methyl isocyanate 

MHA-TP: microhemagglutination treponemal pallidum 

MHS: Military Health System 

ML: mucosal leishmaniasis 

MMR: measles-mumps-rubella vaccine 

MMRS: Metro-politan Medical Response System 

MOPP: mission-oriented protective posture 

MOS: Military Occupational Specialty 

MOUT: military operations in urbanized terrain 

MRC: major regional conflict 

MRDA: Military Recommended Daily Requirement 

MRE: Meal, Ready-to-Eat 

MSDS: Material Safety Data Sheet 

MREs: Meals Ready to Eat 

MSF: Mediterranean spotted fever 

MSG: Monosodium glutamate 

MTFs: medical treatment facilities 

MUAC: mid-upper arm circumference 

MWD: military working dog 

N 

NAMRU: Naval Medical Research Unit 

NAVCENT: US Navy component, US Central Command 

NBC: nuclear, biological, and chemical 


NCA: National Command Authority 

NCO: noncommissioned officer 

NDMS: National Disaster Medical System 

NEISS: National Electronic Injury Surveillance System 

NEPMU: US Navy Environmental and Preventive Medicine Unit 

NER: Near East Relief 

NFCI: nonfreezing cold injury 

NGU: nongonococcal urethritis 

nitrox: nitrogen-oxygen mixture 

NOE: nap-of-the-earth 

NPDES: National Pollutant Discharge Elimination System 

NS: normal saline 

NSC: Naval Safety Center 

NSN: National Stock Number 

NSU: nonspecific urethritis 

NTU: nephalometric turbidity unit 

o 

OCHA: Office for the Coordination of Humanitarian Affairs 

OCONUS: outside the continental United States 

OCP: oral contraceptive pill 

OCS: Officer Candidate School 

OFDA: Office of Foreign Disaster Assistance 

OOTW: operations other than war 

OPLAN: operational plan 

OPORD: operation order 

OPSEC: operational security 

OPV: oral polio virus 

OR: odds ratio 

ORS: oral rehydration solution 
ORT: oral rehydration therapy 

OSHA: Occupational Safety and Health Administration 
otempo: operational tempo 

P 

P: peak 

PAG: protective action guide 

2-PAM Cl: pralidoxime chloride 

Pap: Papanicolaou 

PAR: population attributable risk 

PCEC: purified chick embryo cell culture 

PCR: polymerase chain reaction 

PCR/RFLP: Polymerase chain reaction/restriction fragment 
length polymorphism 
PEEP: positive end-expiratory pressure 
PEL: permissible exposure limit 
PFGE: pulsed-field gel electrophoresis 
PFIB: perfluoroisobutylene 

PH DART: Public Health Disaster Assistance Response Team 
PHF: potentially hazardous food 
PM: preventive medicine 
PMO: Preventive Medicine Officer 
PMT: Preventive Medicine Technician 
P0 2 : partial pressure of oxygen 
POIS: pulmonary over-inflation syndrome 
POW virus: Powassan encephalitis 
PPM: personal protection measure 
PPNG: penicillinase-producing N gonorrhoeae 
ProMED: Program for Monitoring Emerging Diseases 
PSRC: Presidential Selected Reserve call-up 
PT: physical training 
PTSD: post-traumatic stress disorder 
PTT: partial thromboplastin time 
PULHES: physical capacity, upper extremities, lower 
extremities, bearing, eyes, overall psychiatric impression 
PVNTMED: preventive medicine 
PVOs: private voluntary organizations 
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R 

RAD 4: Research Area Directorate, Medical, Chemical, and 
Biological Research Program 
RC: reserve component of the US Armed Forces 
RCRA: Resource Conservation and Recovery Act 
RCW: Ration, Cold Weather 

RDIC: Resuscitation Device, Individual, Chemical 
RFLPs: restriction fragment length polymorphisms 
rhG-CSFL recombinant human granulocyte colony-stimulating 
factor 

RL: Ringer's Lactate 

RMSF: Rocky Mountain spotted fever 

RNA: ribonucleic acid 

ROWPU: Reverse Osmosis Water Purification Unit 
RR: relative risk 

RTC: Navy Recruit Training Command 

RPR: rapid plasma reagin 

RSSE: Russian spring-summer encephalitis 

RVA: rabies vaccine adsorbed 

RVF: Rift Valley fever 

s 

SARA Title III: Superfund Amendment and Reauthorization 
Act Title III 

sarin: GB; O-isopropyl methylphosphonofluoridate 

SASO: Security and Support Operations 

SCAP: Supreme Commander for the Allied Powers 

scuba: self-contained underwater breathing apparatus 

SEAL: US Navy Sea, Air, and Land 

SEB: staphylococcal enterotoxin B 

SF: US Special Forces 

SFG: Special Forces Group 

SFG: spotted fever group 

slgA: secretory immunoglobulin A 

SIN: Sindbis 

SMS: Sleep Management System 
SOF: Special Operations Forces 
soman: GD 

SPF: sun protection factor 

SPRINT: Special Psychiatric Rapid Intervention team 

SRP: soldier readiness processing 

SRSVs: small round structured viruses 

ST: heat-stable toxin 

STANAG: standardization agreement 

STD: sexually transmitted diseases 

T 

tabun: GA 

TAIFIOD: Total Army Injury and Health Outcomes Database 

TAML: Theater Area Medical Lab 

TB: tuberculosis 

TBE: tick-borne encephalitis 

Td: tetanus-diphtheria 

TdaP: tetanus-diphtheria-acellular pertussis 
TIG: Tetanus immune globulin 


TMP / SMX: trimethoprim-sulfamethoxazole 

TOC: total organic carbon 

TrD: Trinidad donkey 

TSCA: Toxic Substances Control Act 

u 

UN: United Nations 

UNDP: United Nations Development Program 
UNHCR: United Nations Office of the High Commissioner for 
Refugees 

UNICEF: United Nations Children's Fund 
URI: upper respiratory infection 

USACHPPM: The United States Army Center for Health 
Promotion and Preventive Medicine 
USAFR: Air Force Reserve 
USAFR: US Air Force Reserve 
USAID: US Agency for International Development 
USAMRICD: US Army Medical Research Institute of Chemi¬ 
cal Defense 

USAMRIID: US Army Medical Research Institute of Infectious 
Diseases 

USAR: US Army Reserve 
USARV: US Army, Vietnam 

USASOC: US Army Special Operations Command 

USCGR: US Coast Guard Reserve 

USDA: US Department of Agriculture 

USEPA: US Environmental Protection Agency 

USMCR: US Marine Corps Reserve 

USNR: US Naval Reserve 

USSOCOM: US Special Operations Command 

UTI: urinary tract infection 

V 

VA: Department of Veterans Affairs 
VAPP: vaccine-associated paralytic poliomyelitis 
VAERS: Vaccine Adverse Events Reporting System 
VECTOR: Soviet Institute of Microbiology and Virology, now 
named Russian State Research Center of Virology and 
Biotechnology 

VEE: Venezuelan equine encephalitis 
VHF: Venezuelan hemorrhagic fever 
VL: visceral leishmaniasis 
Vo 2 max: maximum oxygen consumption 
VtL: viscerotropic 

VX: no expansion, no common name 
VZIG: varicella-zoster immune globulin 

w 

WBC: white blood cell 
WBGT: Wet Bulb Globe Temperature 
WEE: Western equine encephalitis 
WFP: World Food Program 
WHO: World Health Organization 
WNF: west Nile fever 

WRAIR: Walter Reed Army Institute of Research 
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genital herpes treatment, 1167 
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pathogen description, 1013 
pathogenesis and clinical findings, 1015, 1129 
vaccines, 1129-1130 

Advisory Committee on Immunization Practices 

Japanese encephalitis vaccination recommendation, 843 
measles recommendations, 1216, 1217 
mumps recommendations, 1221 
pertussis recommendations, 1230 
polio vaccination recommendations, 1240 
varicella recommendations, 1226-1227 
Afghan War 

malaria and, 808 
Africa 

anthrax and, 976 

bancroftian filariasis and, 884 

brucellosis and, 980 

Campylobacter enteritis, 1009 

chikungunya and, 827 

cholera and, 1033 

Ebola hemorrhagic fever and, 961 

epidemic typhus fever and, 875 

helminths and, 1055 

Lassa fever and, 959 

loiasis and, 888 

Lyme disease and, 863 

malaria and, 807, 808 

melioidosis and, 1079 

meningococcal disease and, 1133 

onchocerciasis and, 887 

o'nyong-nyong and, 827 

plague and, 880 

Q fever and, 953 

rabies and, 965 

Rift Valley fever and, 825-826 

sandfly fever and, 858 

schistosomiasis and, 1063 

Sindbis and Sindbis-like viral infections and, 828 

toxoplasmosis and, 949 

viral gastroenteritis and, 1013 

West Nile fever and, 830 

yellow fever and, 833, 834, 835 


African sleeping sickness 
diagnosis, 900 
epidemiology, 899-900 
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AIDS 

See Acquired immunodeficiency syndrome 
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Weapons of Mass Destruction Civil Support Teams, 1368 
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Alcohol abuse 

See Substance abuse 
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sexually transmitted diseases and, 1148, 1154 
Allergic reactions 
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military relevance, 1038-1039 
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pathogen description, 1039 
pathogenesis and clinical findings, 1040-1041 
target organs, 1039 
therapy and control, 1042 
transmission, 1039-1040 
Amebic colitis 
See Amebiasis 
Amebic dysentery 
See Amebiasis 

American Academy of Pediatrics 
varicella recommendations, 1226 
American Red Cross 

See also International Committee of the Red Cross 
Emergency Support Functions, 1369, 1371 
local disaster response, 1365 
American trypanosomiasis 
See Chagas' disease 
Amoxycillin 

gonorrhea treatment, 1159 
Lyme disease treatment, 864 
melioidosis treatment, 1081 
rabies treatment, 966 
Amphotericin B 

coccidioidomycosis treatment, 1072 
histoplasmosis treatment, 1077 
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enteroinvasive Escherichia coli treatment, 1006 
nontyphoidal salmonellosis treatment, 1024 
shigellosis treatment, 1029 
typhoid fever treatment, 1019-1020, 1020 
Anemia 

malaria and, 809 
Anthelmintics 

helminth infection treatment, 1059 
schistosomiasis treatment, 1067 
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biological warfare and, 742 
complications, 977 
control, 978-979 
cutaneous, 976-977 
description, 975 
diagnostic approaches, 977-978 
"epidemic" definition and, 727 
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gastrointestinal, 977, 978 
geographic distribution, 976 
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inhalational, 976, 977, 978 
military relevance, 975 
mortality rate, 975, 976, 977 
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pathogen description, 975 
pathogenesis and clinical findings, 976-977 
therapy, 978 
transmission, 975-976 
vaccine, 979 
Antibiotics 

See also specific drugs 
Jarisch-Herxheimer reaction, 865, 942 
Lyme disease treatment, 864-865 
shigellosis treatment, 1028 
Antibodies 

See also specific tests and disorders 


detection of, 790 

specimen collection, handling, and storage, 796 
Anticonvulsants 

equine encephalitides treatment, 849 
Antigens 

laboratory diagnosis of infection and, 788-789 
Antimotility drugs 

enterotoxigenic Escherichia coli treatment, 1004 
viral gastroenteritis treatment, 1017 
Antipsychotic medications 
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Aral, S.O., 1148 

Arenavirus hemorrhagic fevers 
Lassa fever, 959-960 
pathogen description, 958-959 
South American hemorrhagic fevers, 960-961 
Argentine hemorrhagic fever, 960-961 
Arithmetic scale line graphs, 761, 764 
Armed conflicts 

See Complex emergencies 
Armed Forces Epidemiological Board 
redeployment role, 1438 
Armed Forces Medical Intelligence Center 

"Medical Environmental Disease Intelligence and 
Countermeasures," 1320 
Army National Guard 

Weapons of Mass Destruction Civil Support Teams, 1368 
Artemisinin 

malaria treatment, 812, 813 
Arthritis 

brucellosis and, 981 
Arthropods 

See Diseases transmitted primarily by arthropod vectors 
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Aseptic techniques, 1256 
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Atlas of the Global Distribution of Schistosomiasis, 1063 
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Atabrine 

malaria treatment, 805 
Attributable risk 
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in the total population, 771 
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brucellosis and, 980 
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Ross River disease, 829 
spotted fever and, 876 
Azidothymidine 

viral hepatitis treatment, 1183 
Azithromycin 

Campylobacter enteritis treatment, 1010 
chlamydia treatment, 1164 
malaria treatment, 812 

Mycoplasma pneumoniae infection treatment, 1126 
Q fever treatment, 956 

Streptococcus pneumoniae infection treatment, 1124 
Streptococcus pyogenes infection treatment, 1122 

B 

Bacillary dysentery 
See Shigellosis 

Bacillus of Calmette and Guerin vaccine, 1141 
Bancroftian filariasis 
control, 886 

diagnostic approaches, 885 
epidemiology, 884 
pathogen description, 884 
pathogenesis and clinical findings, 884-885 
therapy, 885-886 
Bang, B., 980 
Bar graphs, 761, 763 
Barnard, Chester, 1353 
BCG vaccine 

See Bacillus of Calmette and Guerin vaccine 
Benedek, D.M., 1405 
Benzathine penicillin 

respiratory disease treatment, 1119 
Streptococcus pyogenes infection treatment, 1122 
Benznidazole 

Chagas' disease treatment, 898 
Benzodiazepines 

deployment and, 1418 
Berg, J.W., 1159 
Beri-beri 

malnutrition and, 1380 
Bey, D.R., 1410, 1411 
BHF 

See Bolivian hemorrhagic fever 
Bias 

avoiding or reducing, 772-773 
case-control studies and, 767 
confounding bias, 772, 773-775 
definition, 772 
information bias, 772 

nonprobability sampling designs, 762, 763 
selection bias, 772 
BIKEN vaccine, 843, 844 
Bilharziasis 

See Schistosomiasis 
Biological warfare 

See also Technological disasters 
brucellosis and, 983 
immediate response mandate, 745 
indications of, 741 

infectious disease outbreaks secondary to, 1341 

medical treatment resources and, 746 

plague and, 879, 884 

Q fever and, 953 

risk communication plans, 1414 

role of physicians, 1414 


tularemia and, 971 
"Bird baths," 1256 
Bismuth subsalicylate 
cholera treatment, 1036 

enterotoxigenic Escherichia coli treatment, 1004 
viral gastroenteritis treatment, 1017 
Bithionol 

helminth infection treatment, 1059 
Black Death 
See Plague 

Blanket supplementary feeding programs, 1386 
Blindness 

onchocerciasis and, 887-888 
Blizzards 

See Windstorms 
Blood transfusions 

Chagas' disease and, 897 
hookworm infections and, 1059 
malaria and, 807, 808 
toxoplasmosis and, 949 
viral hepatitis and, 1178, 1179, 1187 
Blumberg, B.S., 1178 
Bolivian hemorrhagic fever, 960-961 
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brucellosis diagnosis, 981 
Borovsky, P.F., 890 
Boss, L.P., 1325 
Botulism poisoning 

"epidemic" definition and, 727 
Boyer, C.B., 1155 
BPG 

See Benzathine penicillin 
Breakbone fever 

See Dengue virus infections 
Brown, Jesse, 1428 
Bruce, Col. David, 899, 980 
Brucellosis 

complications, 980-981 

control, 983 

description, 979-980 

diagnostic approaches, 982 

differential diagnoses, 982 

epidemiology, 980 

pathogen description, 980 

pathogenesis and clinical findings, 980-982 

symptoms and signs (table), 981 

therapy, 982-983 

typical host specificity of Brucella species (table), 980 
Bubonic plague, 880-881 
Burkle, F.M., Jr., 1373 

c 

Cadavers 

See also Dead persons 
handling of, 1265 
Caliciviruses, 1013, 1014-1015 
Cambodia 

land mines, 1280 
Campylobacter enteritis 
coinfection, 1010 
mortality rate, 1010 
Campylobacter enteritis 
control, 1010-1011 
description, 1008 
diagnostic approaches, 1010 
epidemiology, 1009 
geographic distribution, 1009 
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therapy, 1010 
transmission, 1008, 1009 
Campylobacteriosis 

outbreak investigation, 734 
Card agglutination test 

African sleeping sickness diagnosis, 900 
Care 

food program, 1330 
Caribbean region 

bancroftian filariasis and, 884 
leptospirosis and, 942 
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Cartwright, F.F., 878 
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control sources, 767 
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outbreak investigation, 740, 746 
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outbreak investigation and, 726, 748 
Case reports, 766 
Case series, 766 

technological disasters and, 1344 
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Cates, W., Jr., 1158 
Catholic Relief Services 
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See Card agglutination test 
Cause-and-effect relationships, 779-780 
Cause-specific mortality rates, 759 
CCHF 

See Crimean-Congo hemorrhagic fever 
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melioidosis treatment, 1081 
Cefuroxime 

Lyme disease treatment, 864 
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case definitions for known diagnoses, 726 
cholera cases, 1031 
contact precautions, 1263, 1265 
cooperative partnerships with other agencies, 750 
crude mortality rate calculation, 1382-1383 
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Ebola hemorrhagic fever outbreak in Zaire in 1994 and, 1345 

Emergency Support Functions and, 1371 

Epidemic Intelligence Service, 725, 745 

epidemiologic assessment teams and, 1297 

genital wart recommendations, 1173 

gonorrhea recommendations, 1160 
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guidelines for confirmation of foodborne disease outbreaks, 
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isolation procedures, 1258-1263 
Lyme disease surveillance, 861, 863 
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melarsoprol availability, 901 
nifurtimox availability, 898 
nosocomial infection criteria, 1252 
paralytic polio classification criteria, 1238 
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polio eradication goal, 1237 

public health needs in complex emergencies guide, 1318 
questionnaire for foodborne disease outbreak investigation, 
743-744 

rapid health assessments after Hurricane Andrew, 1296-1297 
respiratory protection equipment for health care workers 
caring for tuberculosis patients, 1260 
sarin gas attack on the Tokyo subway system and, 1345 
sexually transmitted disease recommendations, 1152, 
1153-1154 

suramin availability, 900 
"surveillance" definition, 709 
tuberculosis recommendations, 1143, 1144, 1146 
varicella vaccination recommendations, 1226 
viral hemorrhagic fevers surveillance, 958 
Centers for Naval Analysis 

humanitarian assistance report, 1318 
Central America 
anthrax and, 976 
bancroftian filariasis and, 884 
brucellosis and, 980 
Chagas' disease and, 897, 898 
coccidioidomycosis and, 1070 
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leptospirosis and, 939, 940 
melioidosis and, 1079 
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Q fever and, 953 
rabies and, 965 
toxoplasmosis and, 949 
yellow fever and, 834, 835 
Central Intelligence Agency 

background data on populations in crisis, 1319 
Cephalosporins 

anthrax treatment, 978 
meningococcal disease treatment, 1135 
nontyphoidal salmonellosis treatment, 1024 
tularemia treatment, 974 
typhoid fever treatment, 1020 
Cercarial dermatitis, 1064, 1067 
Cerebral malaria, 809 
Cerebrospinal fluid 

Japanese encephalitis and, 841 
leptospirosis and, 942 
meningococcal disease diagnosis, 1135 
rabies diagnosis, 966 
Cervical cancer 

genital warts and, 1173 
Cervicitis 

See Gonorrhea 
Cestodes 

pathogen description, 1052, 1057 
transmission, 1054-1055 
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CFA 

See Circulating filarial antigen 
Chagas' disease 
diagnosis, 898 
epidemiology, 897-898 
geographical distribution, 897, 898 
incidence, 898 
pathogen description, 897 
pathogenesis and clinical findings, 898 
therapy and control, 898-899 
transmission, 897-898 
Chancres 

syphilis and, 1169 
Chancroid, 1174-1175 
Chemical accidents 

See Technological disasters 
Chernobyl nuclear accident, 1271, 1274 
Chest radiographs 

tuberculosis diagnosis, 1138, 1144, 1146 
Chi-square measures of risk 

Mantel-Haenszel chi-square test statistic, 778-779 
outbreak investigation, 740, 747 
Chickenpox 
See Varicella 
Chiggers 

See also Diseases transmitted primarily by arthropod vectors 
natural cycle, 869 
Chikungunya 

diagnostic approaches, 827 
epidemiology, 826-827 
pathogen description, 826 
pathogenesis and clinical findings, 827 
supportive therapy, 827 
vaccine for, 827 
Children 

See Infants and children 
Chlamydia, 1164 

Chlamydia pneumoniae infections, 1126-1127 
Chloramphenicol 

anthrax treatment, 978 
ehrlichiosis treatment, 868 
meningococcal disease treatment, 1135 
murine typhus fever treatment, 873 
nontyphoidal salmonellosis treatment, 1024 
plague treatment, 882-883 
Q fever treatment, 956 
scrub typhus treatment, 871, 872 
spotted fever treatment, 878 
typhoid fever treatment, 1019 
Chlorophenicol 

melioidosis treatment, 1081 
Chloropromazine 

use in the Vietnam War, 1418 
Chloroquine 

amebiasis treatment, 1042 
malaria treatment, 810-812, 814 
Cholera 

antimicrobial therapy and resistance profile (table), 1036 

chemoprophylaxis, 1037 

control, 1036-1038 

description, 1030-1031 

diagnostic approaches, 1033-1034 

epidemiologic features (table), 1032 

epidemiology, 1032-1033 

field antigen detection tests, 1033-1034 

geographic distribution, 1033 

incidence, 1033 

military relevance, 1031 


mortality rate, 1031, 1033 
pandemics, 1030-1031 
pathogen description, 1031-1032 
pathogenesis and clinical findings, 1034 
serologic antibody detection assays, 1034 
therapy, 1034-1036 
transmission, 1032-1033 
vaccines, 1037-1038 
Christie, A., 1074 
Chronic fatigue syndrome 
Lyme disease and, 863, 864 
Cl 

See Confidence interval 
Cigarette smoking 

histoplasmosis and, 1076 
Q fever and, 955 
Ciprofloxacin 

anthrax treatment, 979 
cholera treatment, 1037 
Cyclospora species infection treatment, 1049 
enterotoxigenic Escherichia coli treatment, 1004 
meningococcal disease treatment, 1137 
nontyphoidal salmonellosis treatment, 1024-1025 
Shigella dysenteriae treatment, 1328 
tularemia treatment, 974 
Circulating filarial antigen 

bancroftian filariasis diagnosis, 885 
Civil-Military Operations Centers, 1292 
Civil War 

amebiasis and, 1038 
cholera and, 1031 
diphtheria and, 1234 
measles and, 1215 
reunion issues, 1409 
shigellosis and, 1025 
tetanus and, 1230-1231 
tuberculosis and, 1138 
viral hepatitis and, 1175 
Clam digger's itch 
See Schistosomiasis 
Clavulanic acid 

rabies treatment, 966 
Cleghorn, G., 979-980 
Clindamycin 

toxoplasmosis treatment, 952 
Cluster sampling, 765 
CMRs 

See Crude mortality rates 
Coagglutination tests 

cholera diagnosis, 1033-1034 
Coccidioidomycosis 
control, 1073 
description, 1069 
diagnostic approaches, 1072 
epidemiology, 1070-1071 
geographic distribution, 1070 
incidence, 1070-1071 
incubation period, 727 
military relevance, 1069 
pathogen description, 1069-1070 
pathogenesis and clinical findings, 1071 
therapy, 1072-1073 
transmission, 1070 
Cohort studies 

advantages and disadvantages, 769 
attributable risk calculation, 770-771 
confounding bias and, 773-774 
cost factors, 769 
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description, 769 

Mantel-Haenszel summary odds ratio, 775 
risk ratio and rate ratio calculation, 769-770 
technological disasters and, 1344 
Cohorting of patients, 1263 
Coliforms 

outbreak investigation and, 734 
Combat stress, 1416, 1417 

See also Posttraumatic stress disorder 
outpatient-level surveillance, 712 
Commercial sex workers 

sexually transmitted diseases and, 1149-1150 
social hygiene clinics, 1150, 1153 
Committee on International Nutrition 

estimated mean per capita energy requirement, 1387 
Common source epidemics, 732 
Communicable diseases 
See also specific diseases 
complex emergencies and, 1326 
natural disasters and, 1298 
Community health workers 

complex emergencies and, 1330-1331 
Complement fixation assays 
adenovirus diagnosis, 1129 
Chlamydia pneumoniae infection diagnosis, 1127 
Mycoplasma pneumoniae infection diagnosis, 1126 
Complex emergencies 

causes of mortality in refugee situations (figure), 1321 
civilians and, 1326 

community health workers and, 1330-1331 
complex emergencies, refugee and internally displaced 
persons, 1983-1995 (figure), 1317 
critical health information, 1318-1326 
crude mortality rate, 1323-1324 
curative medical services and, 1330 
definition, 1272 

diarrhea control programs, 1327-1328 
evolution of, 1317 

food assistance for emergency situations and, 1384 

food supplies and, 1329-1330 

human rights abuses, 1326 

incidence and impact, 1273-1274 

increase in, 1279, 1353 

local authorities and relief agencies and, 1331 
measles immunization and, 1327 
military's response to, 1282, 1317-1318 
mortality rates, 1321, 1323-1324, 1326 
nutritional surveys, 1324-1326 
principal causes of morbidity and mortality, 1326 
principal methods of gathering data, 1318-1320 
prisoners of war and other detainees, 1331 
rapid health assessments, 1320-1321, 1327 
sanitation and clean water and, 1328-1329 
shelter, clothes, and blanket provision, 1329 
steps in development of an effective health information 
system (exhibit), 1325 
surveillance, 1323, 1326 

targeted surveys and special studies, 1321, 1323 
ten critical emergency relief measures, 1327-1331 
various sources of background data and information on 
disasters, conflict, and complex emergencies (table), 1319 
vitamin A deficiency and, 1327 
Compliance issues 

malaria treatment, 805-806, 811-812, 813 
negative reinforcement and punishment and, 1414 
tuberculosis treatment, 1144 

Comprehensive Clinical Evaluation Program, 1432, 1435 


Computerized tomography 
brucellosis diagnosis, 981 
rabies diagnosis, 966 
Computers 

See also specific software packages 

analysis of outpatient-level disease and nonbattle injury 
surveillance, 715 

hand-held computers for diagnoses, 721 
software packages for outbreak investigation, 728 
Condoms 

availability, 1156 
effectiveness, 1157 
factors associated with use of, 1158 
"female condom," 1158 
foreign-made, 1157 
monitoring use of, 1156-1157 
proper use (exhibit), 1157 
Confidence interval 

based on a proportion, 777 
based on an odds ratio, 777-778 
based on rate ratio, 777 
Confounding bias 

case-control studies and, 767 
controlling for, 774-775 
definition, 773 
example, 773-774 
Consecutive sampling, 762 
Consequence management, 1368 
Contact isolation, 1263 
Contact precautions, 1262-1263 
Contact tracing 

sexually transmitted diseases and, 1153 
Contingency Pest Management Pocket Guide, 1308 
Contingency tables, 760 
Continuous variables 
description, 759 
summary statistics, 760 
Convenience sampling, 762 
Corneal transplants 
rabies and, 964 
Coronaviruses, 1013 
Correa, Gaspar, 1030 
Corticosteroids 

schistosomiasis treatment, 1067 
typhoid fever treatment, 1020 
Coughs 

See Respiratory pathogens; specific diseases 
Crimean-Congo hemorrhagic fever, 962-963 
Critical Event Debriefing, 1416 
Crook, L.D., 882 
Cross-sectional studies 

cause-and-effect relationships, 779-780 
description, 767 

technological disasters and, 1344 
Crude mortality rates, 759, 1323-1324 
Cryptosporidiosis 

pseudo-outbreak, 727 
Cryptosporidium infections 
control, 1046-1047 
diagnostic approaches, 1046 
epidemiology, 1045-1046 
geographic distribution, 1046 
incidence, 1046 
military relevance, 1045 
pathogen description, 1045 
pathogenesis and clinical findings, 1046 
therapy, 1046 
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transmission, 1045 

waterborne disease outbreaks and, 734 
CSWs 

See Commercial sex workers 
Cuba 

dengue virus infections, 815, 822 
yellow fever and, 832-833 
Culture specimens 

collection, handling, and storage, 795-796 
Cumulative incidence rate computation, 758 
Cunningham, D.D., 890 
Curran, J.W., 1158 
Cutaneous leishmaniasis 
See Leishmaniases 
Cyclospora 

infection risk factors, 748 
Cyclospora species infections, 1047-1049 
Cyclosporiasis 

pseudo-outbreak, 727 
Cysticercosis 

praziquantel treatment, 1059 

D 

Da Costa's syndrome, 1409 
Dairy products 

See also Foodborne disease 
brucellosis and, 980, 982, 983 
enterohemorrhagic Escherichia coli and, 1006 
Q fever and, 953 
Shigella dysenteriae and, 748 
tick-borne encephalitis and, 850, 852 
toxoplasmosis and, 948, 952 
Darkfield microscopy 

syphilis diagnosis, 1169 
Darling, Samuel, 1073-1074 
DARTs 

See Disaster Assistance Response Teams 
Data display methods 
graphs, 760-762, 764 
tables, 760 
DDT 

malaria eradication and, 807, 808 
De Monbreun, W.A., 1074 
de Ville de Goyet, C., 1275 
Dead persons 

See also Cadavers 

Disaster Mortuary Services Teams and, 1371 
management during natural disasters, 1306 
Debriefings, 1416-1417 
DEC 

See Diethylcarbamazine citrate 
Deer 

Lyme disease and, 861-863 
Deer ticks 

See Lyme disease 
DEET 

African sleeping sickness and, 901 
bancroftian filariasis and, 886 
Crimean-Congo hemorrhagic fever and, 963 
leishmaniases and, 896 
murine typhus fever and, 874 
onchocerciasis and, 888 
schistosomiasis and, 1068 
scrub typhus and, 872 
spotted fever and, 878 
Defense Production Act of 1950, 1365 
Dehydroemetine 


amebiasis treatment, 1042 

Dengue hemorrhagic fever/dengue shock syndrome, 819, 820, 822 
Dengue-like syndromes 
chikungunya, 826-827 
differential diagnoses, 823, 824 
o'nyong-nyong, 827-828 
Oropouche fever, 823-825 
Rift Valley fever, 825-826 
Ross River disease, 829-830 
schema for differential diagnoses (figure), 824 
Sindbis and Sindbis-like viral infections, 828-829 
West Nile fever, 830-832 
Dengue virus infections 

antibody-dependent enhancement, 819 
clinical findings, 820-821 
control, 816, 823 

dengue fever in U.S. service members (table), 820 

diagnostic approaches, 821-822 

differential diagnoses, 821 

epidemiology, 818-819 

geographic distribution, 818-819 

incidence, 814, 819 

incubation period, 820 

inpatient surveillance, 716 

military relevance, 814-818 

molecular analysis, 748 

nonspecific fever presentation, 712 

pathogen description, 818 

pathogenesis, 819-820 

personal protection and, 823 

principal mosquito vector, 814 

"saddleback" fever pattern, 820, 825 

therapy, 823 

tourniquet test, 822 

transmission, 818 

treatment and classification (table), 822 
typical clinical course (figure), 818 
vaccine, 816-817, 823 
yellow fever and, 815, 821 
Department of Agriculture 

cooperative partnerships with other agencies, 750 
Department of Defense 

Anthrax Vaccination Immunization Program, 979 
biological warfare reports, 745 

Civilian-Military Contingency Hospital System, 1365 
combat stress control policies, 1416, 1417 
consequence management and, 1368 
Contingency Pest Management Pocket Guide, 1308 
cooperative partnerships with other agencies, 750 
"cradle to grave" medical surveillance, 1432 
Ebola hemorrhagic fever outbreak in Zaire in 1994 and, 1345 
environmental sampling, 1430 

Federal Radiological Emergency Response Plan and, 1369 
guidance for postdeployment screening for Bosnia (exhibit), 
1436 

hepatitis B immunization, 1187 

influenza vaccine testing, 1128 

investigation into Persian Gulf War illnesses, 1437 

Joint Preventive Medicine Policy Group Character, 1438 

Joint Task Force-Civil Support, 1368 

"Military Support to Civil Authorities," 1371 

National Disaster Medical System and, 1369 

natural disaster response and, 1291 

redeployment role, 1436-1438 

Repellent System, 865, 878 

Science and Technology Center and, 1346 

Serum Repository, 790 
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sexual contact reporting, 1153 
Streptococcus pyogenes infection treatment and, 1122 
technological disasters and, 1341 
varicella vaccine administration policy, 1227 
water quality standards, 1303 
Department of Energy 

Federal Radiological Emergency Response Plan and, 1369 
Science and Technology Center and, 1346 
Department of Health and Human Services 
Emergency Support Functions and, 1371 
Metropolitan Medical Response System teams, 1368 
National Disaster Medical System and, 1369 
technological disasters and, 1341 
Department of Justice 

Terrorism Incident Annex and, 1368 
Department of State 

background data on populations in crisis, 1319 
Department of Transportation 

specimen shipping regulations, 796 
Department of Veterans Affairs 

Agent Orange exposure compensation, 1428 
National Disaster Medical System and, 1369 
redeployment role, 1438 
technological disasters and, 1341 
Department of War 

Board for the Investigation and Control of Influenza and 
Other Epidemic Diseases in the Army, 1119 
Deployment 

See also Infection control and prevention during military 
deployment; Medical issues in redeployment; Psycho¬ 
logical aspects of deployment and reunion 
commonly identified stressors, 1403 
components of medical surveillance by the phase of 
deployment (table), 1435 
coping strategies, 1407 
description, 13997 
effects on spouses, 1410-1411 
passage of time during, 1404-1405 
phases of, 1404 

prior war zone experience and, 1406 
stresses before the return home, 1407 
stresses for women, 1405-1406 
substance abuse and, 1407-1408 
surveillance during, 1408-1409 
Depressive disorders 

reunion after deployment and, 1409-1410 
Descriptive studies, 766-767 
Detection bias, 772 
Developing countries 
See also specific countries 
amebiasis and, 1040, 1041 
Campylobacter enteritis and, 1009, 1010 
complex disasters, 1273 
Cryptosporidium and, 1046 
Cyclospora species infections and, 1047 
enteropathogenic Escherichia coli and, 1007, 1008 
enterotoxigenic Escherichia coli and, 1002, 1004 
giardiasis and, 1042, 1043, 1044 
gonorrhea and, 1159 
hepatitis A and, 1184 
malnutrition and, 1298-1299 
measles and, 1216 

nontyphoidal salmonellosis and, 1023 
polio and, 1237 

sexually transmitted diseases and, 1148, 1149 
shigellosis and, 1025, 1027 
technological disasters and, 1340 
tetanus and, 1234 


typhoid fever and, 1018 
viral gastroenteritis and, 1011 
Dexamethasone 

Japanese encephalitis treatment, 841 
typhoid fever treatment, 1020 
DHF/DSS 

See Dengue hemorrhagic fever/dengue shock syndrome 
Diagnostic and Statistical Manual, 3rd Edition, 1410 
Diarrhea 

See also Diseases transmitted by food, water, and soil; 
specific diseases 

case management and, 1327-1328 
complex emergencies and, 1327-1328 
Escherichia coli and, 1001-1009 
food assistance programs and, 1390 
outbreak surveillance example, 719-721 
Dichotomous variables, 759 
Diethylcarbamazine citrate 
filariasis treatment, 885-886 
loiasis treatment, 889 
side effects, 885, 889 
Differential diagnoses 

See also specific diseases and disorders 
outbreak investigation and, 726, 742 
Diiodohydroxyquin 

amebiasis treatment, 1042 
Diloxanide furoate 

amebiasis treatment, 1042 
Diphenoxylate 

viral gastroenteritis treatment, 1017 
Diphenoxylate hydrochloride 
cholera treatment, 1036 
shigellosis treatment, 1029 
Diphtheria 

complications, 1236 
description, 1234 
diagnostic approaches, 1236 
differential diagnosis, 1236 
epidemiology, 1235 
geographic distribution, 1235 
incidence, 1235 
military relevance, 1234-1235 
mortality rate, 1234 
pathogen description, 1235 
pathogenesis and clinical findings, 1235-1236 
plague and, 882 
therapy, 1236 
transmission, 1235 
vaccine, 1235, 1237 
Diphtheria equine antitoxin, 1236 

Diphtheria-tetanus-acellular pertussis vaccine, 1230, 1233 
Diphtheria-tetanus-pertussis vaccine, 1230, 1233, 1237 
Disaster Assistance Response Teams, 1359 
Disaster Medical Assistance Teams, 1369, 1371, 1372 
Disaster medicine 
definition, 1272 

Disaster Mortuary Services Teams, 1371 
Disaster preparedness plans 

early warning systems, 1294, 1297 
evacuation routes, 1294-1295 
Disaster Relief Act of 1974, 1295 
Disasters 

See also Humanitarian assistance in the aftermath of 
disasters; specific types of disasters 
definition of the term, 1339 
Disease and nonbattle injuries 

impact on unit effectiveness, 709 
unit health indicator, 709 
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Disease and nonbattle injury surveillance 
centralized analysis of force-wide data, 715 
command emphasis, 710 
feedback, 715-716, 717, 719 
four-step cycle, 709 
future directions, 721 

individual epidemiologic investigations, 717 
information flow chart, 710 
inpatient surveillance systems, 716-719 
medical infrastructure and, 710-711 
medical personnel responsibilities, 709 
outpatient level, 711-715 
practical aspects, 710-716 

specialized public health diagnostic laboratories, 717 
U.S. Marine Corps forces in the Persian Gulf War, 719-721 
weekly disease nonbattle injury situation report, 715-716, 
718, 719 

weekly DNBI report, 712, 714, 715 

Disease rate computation 
incidence rate, 757-758 
mortality rate, 758-759 
prevalence rate, 757 

Diseases controlled primarily by vaccination 
diphtheria, 1234-1237 
measles, 1215-1218 
mumps, 1220-1223 
pertussis, 1227-1230 
polio, 1237-1241 
rubella, 1218-1220 
tetanus, 1230-1234 
varicella, 1223-1227 

Diseases spread by close personal contact 
meningococcal disease, 1130-1137 
respiratory pathogens, 1119-1130 

sexually transmitted diseases and human immunodefi¬ 
ciency virus infection, 1146-1175 
tuberculosis, 1138-1146 
viral hepatitis, 1175-1188 

Diseases transmitted by food, water, and soil 

See also Foodborne disease; Waterborne disease 

amebiasis, 1038-1042 

Campylobacter enteritis, 1008-1011 

cholera, 1030-1038 

coccidioidomycosis, 1069-1073 

diarrhea caused by Escherichia coli, 1001-1008 

enteric coccidia infections, 1045-1049 

giardiasis, 1042-1045 

helminths, 1050-1060 

histoplasmosis, 1073-1078 

melioidosis, 1078-1081 

nontyphoidal salmonellosis, 1022-1025 

schistosomiasis, 1060-1069 

shigellosis, 1025-1030 

typhoid fever, 1018-1022 

viral gastroenteritis, 1011-1018 

Diseases transmitted primarily by arthropod vectors 
dengue-like syndromes, 823-832 
dengue virus infections, 814-823 
ehrlichiosis, 866-868 
equine encephalitides, 844-850 
filariasis, 884-890 
Japanese encephalitis, 717, 839-844 
leishmaniases, 890-897 
Lyme disease, 860-866 
malaria, 712, 717, 805-814 
natural disasters and, 1298 
plague, 878-884 
sandfly fever, 857-860 


standard precautions and, 1264 
tick-borne encephalitis, 850-857 
trypanosomiasis, 897-901 
typhus, 868-878 
yellow fever, 832-839 

Diseases transmitted primarily from animals to humans 
anthrax, 975-979 
brucellosis, 979-983 
hantaviruses, 943-947 
leptospirosis, 939-943 
Q fever, 953-956 
rabies, 963-971 
toxoplasmosis, 947-953 
tularemia, 971-975 
viral hemorrhagic fevers, 956-963 
Disinfection and sterilization, 1257 
Displaced persons 
See also Refugees 

complex emergencies, refugee and internally displaced 
persons, 1983-1995 (figure), 1317 
mortality rate, 1383 
tuberculosis and, 1146 

Weekly Surveillance Reporting Form for Refugees or Displaced 
Persons in a Complex Humanitarian Emergency (figure), 1322 
Disseminated intravascular coagulopathy, 1134 
DMATs 

See Disaster Medical Assistance Teams 
DNA 

See Gene probes; Nucleic acid-based detection methods 
DNBI 

See Disease and nonbattle injury surveillance 
Dobrava/Belgrade virus, 944 
Doerr, R., 857 
Dogs 

See Diseases transmitted primarily from animals to 
humans 

Domestic animals 

See also Diseases transmitted primarily from animals to 
humans 

Rift Valley fever and, 826 
Domestic disaster response 

See also Humanitarian assistance in the aftermath of 
disasters 

evolution of, 1365 

examples of the system at work, 1372 

Federal Emergency Management Agency, 1365-1367 

Federal Response Plan, 1365, 1367-1369 

future needs, 1372-1373 

military's role, 1371, 1373 

National Disaster Medical System, 1365, 1369-1372 
Donkeys 

See Equine encephalitides 
Donor-government aid agencies 

European Community Humanitarian Office, 1359 
Office of Foreign Disaster Assistance, 1291, 1321, 1359 
Donovan, Capt. Charles, 890 

Double sandwich IgM enzyme-linked immunosorbent assay 
toxoplasmosis diagnosis, 951 
Doxycycline 

anthrax treatment, 978, 979 
brucellosis treatment, 982 
chlamydia treatment, 1164 
cholera treatment, 1036 
ehrlichiosis treatment, 868 
epidemic typhus fever treatment, 875 
leptospirosis treatment, 942, 943 
Lyme disease treatment, 864 
malaria treatment, 806, 811, 813 
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murine typhus fever treatment, 874 
scrub typhus treatment, 872 
side effects, 812 
spotted fever treatment, 878 
tetanus treatment, 1233 
tularemia treatment, 975 
Drinking water 

See also Waterborne disease 
boiling recommendations, 1303-1304 
complex emergencies and, 1328-1329 
containers for, 1303, 1307 
disinfection, 1303-1304, 1328-1329 

emergency disinfection of small volumes of water (table), 1304 
food assistance for emergency situations and, 1390 
natural disasters and, 1303-1304 
per-person needs, 1328 
tent camps and, 1307 
toxoplasmosis and, 952 
tularemia and, 971 
viral hepatitis and, 1178 
Droplet precautions, 1260-1262 
Drug abuse 

See Substance abuse 
Dry ice 

specimen shipping and, 797, 799 
DS-IgM-ELISA 

See Double sandwich IgM enzyme-linked immunosorbent 
assay 

DTaP vaccine 

See Diphtheria-tetanus-acellular pertussis vaccine 
DTP vaccine 

See Diphtheria-tetanus-pertussis vaccine 
Dum-Dum fever 

See Leishmaniases 
Dust control 

natural disasters and, 1306 
Dustborne diseases 

See Diseases transmitted by food, water, and soil 

E 

Early warning systems, 1278-1279, 1294, 1297 
Earthquakes 

building techniques and materials and, 1302 
description and impact, 1294 
mortality rates, 1300 
Eastern equine encephalitis 
See Equine encephalitides 
Eaton, M.D., 1125 
Ebola hemorrhagic fevers 

case definition for suspected Ebola hemorrhagic fever 
(exhibit), 1253 

"epidemic" definition and, 727 
epidemics of, 961 

outbreak in Zaire in 1994, 1345-1346 
transmission, 750 
ECHO 

See European Community Humanitarian Office 
Ecological studies 
description, 766 
Eflorni thine 

African sleeping sickness treatment, 901 
EGRET software, 775 
Ehrlichiosis 

co-infection with Lyme disease, 864 
control, 868 

diagnostic approaches, 867-868 


epidemiology, 866-867 
geographic distribution, 866, 867 
human granulocytic, 866, 867-868 
human monocytic, 866-867, 868 
incidence, 867 
military relevance, 866 
pathogen description, 866 
pathogenesis and clinical findings, 867-868 
therapy, 868 
transmission, 866, 867 
EIA 

See Enzyme-linked immunosorbent assay 
Electron microscopy 

viral gastroenteritis diagnosis, 1011, 1015 
ELISA 

See Enzyme-linked immunosorbent assay 
Emergency Preparedness Mobilization Board 
creation of, 1365 
Emergency Support Functions 
American Red Cross and, 1369 
assignment matrix: primary and secondary support 
responsibilities by agency under the Federal Response Plan 
(figure), 1370 
health and medical, 1371 
mass care, 1371 

scope of responsibility: Emergency Support Function 
Number 8: health and medical services (exhibit), 1371 
urban search and rescue, 1371 
Emergency Vector Control After Natural Disasters, 1308 
Encephalitis 

See Equine encephalitides; Japanese encephalitis; Tick- 
borne encephalitis 
Encepur vaccine, 856-857 
Endocarditis 

nontyphoidal salmonellosis and, 1024 
Entamoeba histolytica 

waterborne disease outbreaks and, 734 
Enteric coccidia infections 
Cryptosporidium, 1045-1047 
Cyclospora species, 1047-1049 
Isospora belli, 1049 
Enterohemorrhagic Escherichia coli 
description, 1004 
diagnostic approaches, 1006 
differential diagnoses, 1005 
epidemiology, 1005 
military relevance, 1004 
pathogen description, 1005 
pathogenesis and clinical findings, 1005 
therapy and control, 1006 
Enteroinvasive Escherichia coli, 1006-1007 
Enteropathogenic Escherichia coli, 1007-1008 
Enterotoxigenic Escherichia coli 
complications, 1003 
description, 1001 

diagnostic approaches, 1003-1004 
epidemiology, 1002-1003 
geographic distribution, 1002 
incidence, 1002 

isolation rates among personnel on military deployments 
(1987-1993) (table), 1001 
military relevance, 1001 

pathogenesis and clinical findings, 1002-1003 
therapy and control, 1004 
transmission, 1002 
Environmental evaluations 
outbreaks, 734-735 
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Environmental factors in operational stress 
description, 1398 

environmental stresses and mitigating factors (table), 1399 
Operation Joint Endeavor, Bosnia, 1402 
Operation Uphold Democracy, Haiti, 1401 
Persian Gulf War, 1400 
Somalia operations, 1400 
Environmental Protection Agency 

cooperative partnerships with other agencies, 750 
Federal Radiological Emergency Response Plan and, 1369 
Enzyme-linked immunosorbent assay 
adenovirus diagnosis, 1129 
antibody detection, 790 
brucellosis diagnosis, 982 
equine encephalitides diagnosis, 848-849 
giardiasis diagnosis, 1044 
helminth diagnosis, 1058 
HIV-1 diagnosis, 791 

human immunodeficiency virus diagnosis, 1171 
Japanese encephalitis diagnosis, 841 
Lassa fever diagnosis, 959 
leishmaniases diagnosis, 896 
Lyme disease diagnosis, 864 
melioidosis diagnosis, 1080 
microbial antigens, 789 
mumps diagnosis, 1222 
murine typhus fever diagnosis, 874 
Mycoplasma pneumoniae infection diagnosis, 1126 
Q fever diagnosis, 956 
rubella diagnosis, 1220 
sandfly fever diagnosis, 860 
scrub typhus diagnosis, 871 
sexually transmitted disease diagnosis, 1151 
shigellosis diagnosis, 1028 
tuberculosis diagnosis, 1141 
tularemia diagnosis, 974 
varicella diagnosis, 1226 
viral gastroenteritis diagnosis, 1015 
viral hepatitis diagnosis, 1182 
yellow fever diagnosis, 837 
Epi Info database, 1383 
EPICON 

See Epidemiologic Consultant Service 
Epidemic polyarthritis 
See Ross River disease 
Epidemic typhus fever 
description, 874 
diagnostic approaches, 875 
epidemiology, 874-875 
geographic distribution, 875 
incidence, 875 
military relevance, 874 
mortality rate, 874, 875 
pathogen description, 874 
pathogenesis and clinical findings, 875 
prevention and control, 875-876 
therapy, 875 
transmission, 874-875 
vaccine, 874, 876 
Epidemics 

See Outbreak investigation; specific diseases 
Epidemiologic assessment teams, 1297 
Epidemiologic Consultant Service 
outbreak investigation, 745 
Epidemiologic measurement 
bias, 772-775 

cause-and-effect relationships, 780 


data display methods, 760-762 
environmental factors, 757 
epidemiology definition, 757 
hypothesis testing, 775-779 
rate adjustment, 759 
rate of disease, 757-759 
sampling, 762-766 
statistical associations, 779-780 
study designs and measures of association, 766-772 
variables, 759-760 
Equine encephalitides 
control, 849-850 
diagnostic approaches, 848-849 
epidemiology, 845-847 
geographic distribution, 844, 847 
incidence, 847 
military relevance, 844 
pathogen description, 845 
pathogenesis and clinical findings, 847-848 
therapy, 849 
transmission, 845-847 
types, 844 
vaccines, 849 
Erythromycin 

anthrax treatment, 978 
Campylobacter enteritis treatment, 1010 
cholera treatment, 1036, 1037 
diphtheria treatment, 1236 
leptospirosis treatment, 942 
pertussis treatment, 1230 
respiratory disease treatment, 1119 
Streptococcus pyogenes infection treatment, 1122 
Escherichia coli 

bacterial enteropathogens identified in stool samples from 
432 US military personnel with acute gastroenteritis 
during Operation Desert Shield (table), 1002 
diarrhea caused by, 1001-1009 
enterohemorrhagic, 1004-1006 
enteroinvasive, 1006-1007 
enteropathogenic, 1007-1008 
enterotoxigenic, 1001-1004 
outbreak traceback, 740-741 

weekly rates of gastroenteritis among 40,000 Marine Corps 
ground troops stationed in northeast Saudi Arabia in 
1990 and 1991 (graph), 1003 

ESFs 

See Emergency Support Functions 
Espundia 

See Leishmaniases 
Ethambutol 

side effects, 1143 
tuberculosis treatment, 1143 
Europe 

anthrax and, 976 
brucellosis and, 980 
Campylobacter enteritis, 1009 
cholera and, 1033 
ehrlichiosis and, 867 

enterohemorrhagic Escherichia coli and, 1004 

epidemic typhus fever and, 875 

gonorrhea and, 1159 

hantaviruses and, 943 

helminths and, 1055-1056 

Lyme disease and, 863 

melioidosis and, 1079 

Q fever and, 953 

rabies and, 965 
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sandfly fever and, 858-859 
spotted fever and, 876 
tick-borne encephalitis and, 851, 853, 855 
toxoplasmosis and, 949 
tularemia and, 972 
viral gastroenteritis and, 1013 
European Community Humanitarian Office, 1359 
Experimental studies, 771-772, 779 
Exposed group attributable risk, 770-771 

F 

Facility-acquired or nosocomial infections 
infection control and, 1252 
Famciclovir 

hepatitis B treatment, 1183 
Family support groups, 1411 
Far Eastern encephalitis, 851, 854 
Far Eastern hemorrhagic fever with renal syndrome 
See Hemorrhagic fever with renal syndrome 
FBI 

See Federal Bureau of Investigation 
FDA 

See Food and Drug Administration 
Fecal specimens 

collection methods (table), 793 
parasitic infection and, 794 
slide preparation, 795 
Federal Bureau of Investigation 
biological warfare reports, 745 
terrorism and, 1346 
Terrorism Incident Annex and, 1368 
Federal Disaster Response Plan, 1277, 1282, 1341 
Federal Emergency Management Agency 
See also Federal Response Plan 
biological warfare reports, 745 

Emergency Response Team organization (figure), 1367 

establishment, 1365 

Federal Coordinating Officer, 1365 

Hazard Mitigation Program, 1366 

home page, 1281 

Individual Assistance Program, 1366 
National Disaster Medical System and, 1369 
Public Assistance Program, 1366 
responsibilities, 1365, 1367 

sequence of actions taken to establish response activities 
on the regional and national levels (figure), 1366 
technological disasters and, 1341 
Federal Radiological Emergency Response Plan, 1368-1369 
responsibilities, 1368-1369 
Stafford Act and, 1369 
Federal Response Plan 

consequence management, 1368 
Emergency Support Functions, 1369, 1370, 1371 
Federal Radiological Emergency Response Plan, 1368-1369 
implementing, 1369 
scope, 1367-1368 
Terrorism Incident Annex, 1368 
Feed the Children 
food program, 1330 
Feedback 

disease and nonbattle injury surveillance, 715-716, 717, 719 
Fevers 

See also specific diseases and disorders 
unexplained fevers, 712, 717, 817 
FHP 

See Force Health Protection 


Fibromyalgia 

Lyme disease and, 863, 864 
Filariasis 

bancroftian, 884-886 
loiasis, 888-889 

malayan and timorian, 886-887 
military impact, 884 
onchocerciasis, 887-888 
streptocerciasis, 889 
Filovirus hemorrhagic fevers, 961-962 
Findlay, Dr. Carlos, 832 
Fisher's Exact Test 

outbreak investigation, 740, 747 
Fleas 

See also Diseases transmitted primarily by arthropod 
vectors 

Flies 

See also Diseases transmitted primarily by arthropod 
vectors; Diseases transmitted primarily from animals to 
humans 
Floods 

description and impact, 1292, 1294 
long-term illnesses and, 1299-1300 
mortality rates, 1300-1301 
Fluconazole 

coccidioidomycosis treatment, 1073 
Flukes 

See Trematodes 

Fluorescent treponemal antibody absorbed test 
syphilis diagnosis, 1171 
Fluoroquinolones 

anthrax treatment, 978 

enterotoxigenic Escherichia coli treatment, 1004 
nontyphoidal salmonellosis treatment, 1024 
Q fever treatment, 956 
typhoid fever treatment, 1020 
Follow-up studies 
See Cohort studies 
Food and Drug Administration 

cooperative partnerships with other agencies, 750 
diagnostic assay approval, 791 
"female condom" approval, 1158 
ground meat cooking procedure guidelines, 1006 
Investigational Device Exemption, 791-792 
Lyme disease vaccines, 866 
medical device approval, 791-792 
pertussis vaccines, 1230 
rabies vaccines, 968-969 
tick-borne encephalitis vaccines and, 857 
Food assistance programs for emergency situations 
distribution site inspection, 1390 
energy requirements, 1386-1387 
food diversion and, 1389-1390 
general food distributions, 1386 

general guidelines for implementing nutritional assistance 
programs (figure), 1387 
humanitarian rations, 1387-1389 
issues with, 1389-1390 

levels of energy-providing nutrients in humanitarian 
rations (table), 1388 

levels of vitamins and minerals necessary to meet the 
requirements for humanitarian rations (table), 1388 
military role, 1384-1385 

one day's sample menu for the Humanitarian Daily Ration 
(exhibit), 1389 

onsite feeding programs, 1386 
rationing of food, 1390 
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safe water supply and, 1390 
selective feeding programs, 1386, 1389 
suitability of rations, 1388 
supplemental feeding programs, 1329, 1386 
Food sanitation 

natural disasters and, 1307 
Food service 

See also Foodborne disease 

diarrhea outbreak surveillance example, 719-721 
Food supplies 

See also Food assistance programs for emergency situations 
complex emergencies and, 1329-1330 
logistical problems, 1329 
supplemental feeding programs, 1329 
Foodborne disease 

See also Dairy products; Diseases transmitted by food, 
water, and soil; specific diseases 
attack rates, 731, 746-747 
bacterial outbreaks, 736-737 
brucellosis, 983 

CDC guidelines for confirmation of, 736-739 

chemical outbreaks, 738 

environmental evaluations, 734-735 

Meals Ready to Eat and, 734-735 

natural disasters and, 1298 

outbreak investigation, 732-733, 734-735 

parasitic and viral, 739 

questionnaire for outbreak investigation, 743-744 
storage time and, 735 
terrorism or sabotage and, 741-742 
tick-borne encephalitis, 850, 852 
tularemia, 971 
Force Health Protection 
current doctrine, 709 
Foreign Assistance Act of 1961, 1359 
Fort Knox 

campylobacteriosis outbreak investigation, 734 
Franz, K., 857 

French Neurotropic Vaccine 
yellow fever, 838 
Frequency matching, 774 
FRERP 

See Federal Radiological Emergency Response Plan 
FRP 

See Federal Response Plan 
FSME-Immun vaccine, 856, 857 
FTA-ABS 

See Fluorescent treponemal antibody absorbed test 
Furazolidone 

cholera treatment, 1036 
giardiasis treatment, 1044 

G 

Gallerano, R.H., 898 
Ganciclovir 

hepatitis B treatment, 1183 
Garbage disposal 

natural disasters and, 1305-1306 
Gaydos, J.C., 1281 
Gender factors 

condom use, 1158 
hepatitis C, 1180 
histoplasmosis, 1074, 1076 
lymphogranuloma venereum, 1173 
Gene probes 

See also Nucleic acid-based detection methods 


cholera diagnosis, 1034 
description, 789-790 

enteropathogenic Escherichia coli diagnosis, 1008 
sexually transmitted disease diagnosis, 1151 
shigellosis diagnosis, 1028 
tuberculosis diagnosis, 1141 
viral gastroenteritis diagnosis, 1011 
General Accounting Office 

Hurricane Andrew and, 1372 
Geneva Conventions, 1281 

International Committee of the Red Cross and, 1356 
Genital herpes 

diagnostic approaches, 1167 
epidemiology, 1166-1167 
pathogenesis and clinical findings, 1167 
therapy and control, 1167-1168 
treatment (exhibit), 1168 
Genital warts, 1173 
Gentamicin 

brucellosis treatment, 982 
tularemia treatment, 974 
German measles 
See Rubella 
Giardia lamblia 

waterborne disease outbreaks and, 734 
Giardiasis 

clinical findings, 1044 
control, 1045 

diagnostic approaches, 1044 
epidemiology, 1043 
geographic distribution, 1043 
incidence, 1043 
military relevance, 1042 
natural disasters and, 1298 
pathogen description, 1043 
pathogenesis, 1043-1044 

percentage of patients with giardiasis who have specific 
symptoms and signs of giardiasis (table), 1044 
therapy, 1044-1045 
transmission, 1043 
Gladden, General, 1230-1231 
Glandular tularemia, 973 
Glomerulonephritis 

Streptococcus pyogenes infection and, 1121 
Gloves 

use in infection control and prevention, 1258-1259,1263,1265 
Goma (Zaire) Epidemiology Group 

Rwanda refugee crisis and, 1279-1280 
Gonococcal pharyngitis, 1163 
Gonorrhea 

cotreatment of chlamydia, 1160-1161 

criteria for the diagnosis of gonococcal urethritis (exhibit), 
1160 

diagnostic approaches, 1159-1160 
epidemiology, 1159 
pathogen description, 1159 
pathogenesis and clinical findings, 1159 
therapy, 1159, 1160-1161 
treatment failures, 1161-1163 

treatment of urethritis and gonococcal or chlamydia 
proctitis in men (exhibit), 1161 
treatment of urethritis and gonococcal or chlamydia 
proctitis in women (exhibit), 1162 
Gorgas, Maj. William 
yellow fever and, 833 
Gowns 

use in infection control and prevention, 1259, 1263, 1265 
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G6PD deficiency 

primaquine and, 813 
Gram's stain 

gonorrhea diagnosis, 1159-1160 
meningococcal disease diagnosis, 1135 
sexually transmitted disease diagnosis, 1151 
Graphs 

labeling, 760 
types, 761-762 
x- and y-axes, 760 
Guillain-Barre syndrome 

Campylobacter enteritis and, 1010 
polio and, 1240 
"Gulf War Syndrome" 
case definition and, 726 

H 

Hansch, S., 1384 
Hantaan virus, 943 
Hantavirus pulmonary syndrome 
description, 945 
geographic distribution, 944 
therapy, 946-947 

typical clinical and laboratory features (table), 946 
Hantaviruses 

See also Hemorrhagic fever with renal syndrome 
control, 947 

diagnostic approaches, 945-946 
differential diagnoses, 946 
epidemiology, 943-944 
incidence, 944 

measures to minimize exposure to rodents in hantavirus- 
endemic areas (exhibit), 947 
military relevance, 943 
mortality rate, 945 
pathogen description, 943 
pathogenesis and clinical findings, 944-945 
transmission, 943-944 
Hart, G., 1149 
Hazardous waste disposal 
natural disasters and, 1306 
Health and Nutrition Examination Survey 
tetanus incidence, 1231 
Healthy worker effect, 772 
Helicobacter pylori infection 
cross-sectional study, 767 
Helminths 

cestodes, 1052, 1054-1055, 1057 
control, 1059-1060 
diagnostic approaches, 1058 
epidemiology, 1052-1055 

geographic distribution and incidence, 1055-1056 
helminths transmitted by food, water, and soil (table), 
1051-1052 

military relevance, 1050 
nematodes, 1052, 1053-1054, 1056-1057 
pathogen description, 1050, 1052 
pathogenesis and clinical findings, 1056-1058 
therapy, 1058-1059 
transmission, 1052-1055 
trematodes, 1052, 1055, 1057-1058 
Hemolytic-uremic syndrome 

enterohemorrhagic Escherichia coli and, 1005 
shigellosis and, 1028 
Hemorrhagic fever with renal syndrome 
See also Hantaviruses 


inpatient surveillance, 716 
nonspecific fever presentation, 712, 717 
therapy, 946 

typical clinical and laboratory characteristics (table), 945 
Hemorrhagic Rift Valley fever, 826 
Heparin 

yellow fever treatment, 837 
Hepatitis A 

attack rates, 740 

candidates for hepatitis A immunization (exhibit), 1186 
CDC guidelines for confirmation of foodborne disease 
outbreaks, 739 

control and prevention, 730, 1184-1185 
foodborne and waterborne outbreaks, 1184-1185 
imported strawberries and raspberries and, 741, 746, 748 
inpatient surveillance, 716 
pathogen description, 1176 
pathogenesis and clinical findings, 1179-1180 
therapy, 1182 
transmission, 1177-1178 
treatment, 1176 
vaccine, 1184, 1185, 1186 
Hepatitis B 

candidates for hepatitis B immunization (exhibit), 1187 
control and prevention, 1185-1187 
diagnostic information, 1188 
infection control and prevention and, 1254 
pathogen description, 1176 
pathogenesis and clinical findings, 1180 
therapy, 1183, 1188 
transmission, 1178-1179 
vaccines, 1186-1187 
Hepatitis C 

control and prevention, 1187-1188 
pathogen description, 1176 
pathogenesis and clinical findings, 1180 
therapy, 1188 
transmission, 1178-1179 
Hepatitis D 

control and prevention, 1188 
pathogen description, 1176 
pathogenesis and clinical findings, 1180 
transmission, 1178-1179 
Hepatitis E 

control and prevention, 1188 
inpatient surveillance, 716 
pathogen description, 1176-1177 
pathogenesis and clinical findings, 1180-1181 
transmission, 1177-1178 
Hepatitis F 

pathogen description, 1177 
Hepatitis G 

pathogen description, 1177 
Heroin use 

Vietnam War and, 1407-1408 
HFRS 

See Hemorrhagic fever with renal syndrome 
HGE 

See Human granulocytic ehrlichiosis 
Hillman, M.R., 1129 
Hippocrates 

environment association with disease, 757 
Histograms, 761, 763 
Histoplasmosis 

acute pulmonary, 1075-1076 
chronic, 1076 
description, 1073-1074 
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differential diagnoses, 1076 
military relevance, 1074 
mortality rate, 1074 
Historical cohort studies, 769 
HIV 

See Human immunodeficiency virus infection 
HME 

See Human monocytic ehrlichiosis 
Hodgkin's lymphoma 

histoplasmosis and, 1076 
Hoffman, S.L., 1020 
Holmes, K.K., 1148 
Home, Francis, 1215 
Homecoming. See Reunion 
Hook, E.W., 1156 
Hookworms 

See Nematodes 
Horses 

See Equine encephalitides 
Hospitalization 

See also Facility-acquired or nosocomial infections; 

Inpatient-level disease and nonbattle injury surveillance 
dengue virus infections, 823 
hantaviruses, 946 

Housekeeping operations, 1256-1257 
HPS 

See Hantavirus pulmonary syndrome 
HTLV-I 

See Human t-cell lymphotrophic virus type I 
Hughes, M.L., 980 

Human granulocytic ehrlichiosis, 866, 867-868 
Human immunodeficiency virus infection 

See also Acquired immunodeficiency syndrome; Sexually 
transmitted diseases 

basic and expanded HIV postexposure prophylaxis 
regimens (table), 1255 
coccidioidomycosis and, 1071 
Cyclospora species infections and, 1047, 1049 
diagnostic approaches, 791, 1172 
epidemiology, 1171-1172 

infection control and prevention and, 1251, 1254 

meningococcal disease and, 1134 

partner notification, 1172 

pathogen description, 1171 

pathogenesis and clinical findings, 1172 

polio and, 1240-1241 

risk factors, 1171 

rubella and, 1220 

streptococcal toxic shock syndrome and, 1130 
therapy and control, 1172-1173 
toxoplasmosis and, 947, 951 
tuberculosis and, 1145, 1146 

what to tell the patient about a positive HIV test (exhibit), 
1173 

Human leukocyte interferon 
rabies treatment, 966 

Human monocytic ehrlichiosis, 866-867, 868 
Human rabies immunoglobulin 
rabies and, 966 

Human rights abuses, 1273, 1281, 1326 
Human t-cell lymphotrophic virus type I 
helminth infection and, 1056 
Human waste disposal 

natural disasters and, 1304-1305 
Humanitarian assistance in the aftermath of disasters. See also 
International humanitarian response system 
alternative approaches, 1278-1279 


assessing and responding to disasters, 1276 

categories of disasters (table), 1272 

challenges in disaster relief, 1278-1281 

complex disasters, 1272, 1273-1274 

consequences of disasters, 1275-1276 

cost-effectiveness of relief efforts, 1280 

"disaster" definitions, 1271 

disasters and disaster medicine, 1071-1072 

improved emergency response, 1279-1280 

inappropriate relief supplies, 1276, 1280 

information technologies and, 1281 

international humanitarian law, 1281 

land mines, laser weapons, and terrorists, 1271-1272, 1280 

military involvement, 1281-1282 

multi-disciplinary approach, 1281 

natural disasters, 1273 

need for research, 1280 

prevention paradigm applied to disasters (exhibit), 1278 
preventive medicine in disasters, 1272-1273 
progress in disaster response, 1276-1277 
selected US military disaster operations from 1990 through 
1996 (table), 1271 

strategic planning and coordination and, 1279 
technological disasters, 1274 
violence and, 1273, 1279 
vulnerable populations, 1280-1281 
Humanitarian Assistance Survey Teams, 1292, 1321 
Humanitarian Daily Rations, 1388 
Humanitarian Pouched Meals, 1388-1389 
Humanitarian rations, 1388-1389 
Hurricane Andrew 

domestic disaster response example, 1372 
Hurricane Hugo 

domestic disaster response example, 1372 
Hurricane Iniki 

domestic disaster response example, 1372 
Hurricanes 

See Windstorms; specific storms 
Hypothesis testing 

alternative hypotheses, 775-776 
confidence interval, 777-778 
elements, 775-776 
example, 776 

Mantel-Haenszel chi-square test statistic, 778-779 
null hypotheses, 775 
outbreak investigation, 746-749 
p value, 776, 778 

sample size and power calculations, 779 
statistical significance versus clinical significance, 779 
steps, 776 

I 

IDE 

See Investigational Device Exemption 
IFA 

See Indirect fluorescent antibody assay 
IgA antibodies 

laboratory detection, 790 
IgG 

dengue virus infections and, 821 
laboratory detection, 790 
IgM 

dengue virus infections and, 821 
laboratory detection, 790 
IIP 

See Immunoperoxidase assay 
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IMB model 

See Information, Motivation, and Behavioral Skills 
behavior model 
Imipenem 

tularemia treatment, 974-975 
Immune globulin 

enterohemorrhagic Escherichia coli treatment, 1006 
hepatitis A treatment, 730, 1176, 1184 
Immunization 

See Diseases controlled primarily by vaccination; Vaccines 
Immunocompromised persons 

coccidioidomycosis and, 1071, 1072, 1073 
histoplasmosis and, 1076 
measles and, 1217 
melioidosis and, 1080 
nontyphoidal salmonellosis and, 1024 
rubella and, 1220 
toxoplasmosis and, 947, 951 
varicella and, 1224-1225, 1226 
viral gastroenteritis and, 1015-1016 
Immunofluorescence 

Chlamydia pneumoniae infection diagnosis, 1127 
giardiasis diagnosis, 1044 
microbial antigens, 789 
Immunoperoxidase assay 
scrub typhus diagnosis, 871 
Imported malaria, 808 
Inactivated polio vaccine, 1240 
Incidence density rate computation, 758 
Incidence rate ratio 

cohort studies and, 770 
Incidence rates 

See also specific diseases and disorders 
computation, 757-758 
rate adjustment, 759 
Incidence studies 
See Cohort studies 
India 

Bhopal chemical accident, 1274, 1340 
chikungunya and, 827 
cholera and, 1030-1031 
Japanese encephalitis and, 840 
malaria and, 808 
rabies and, 965 
scrub typhus and, 869 
tick-borne encephalitis and, 852, 855 
India-Pakistan war 
refugee crisis, 1272 
Indirect fluorescent antibody assay 

epidemic typhus fever diagnosis, 875 
murine typhus fever diagnosis, 873 
Q fever diagnosis, 956 
scrub typhus diagnosis, 871 
spotted fever diagnosis, 877 
toxoplasmosis diagnosis, 951 
Industrial accidents 

See Technological disasters 
Industrialized countries 
See also specific countries 
Campylobacter enteritis and, 1009 
enterotoxigenic Escherichia coli and, 1002 
nontyphoidal salmonellosis and, 1023 
sexually transmitted diseases and, 1148 
shigellosis and, 1027 
viral gastroenteritis and, 1013 
Infants and children 

amebiasis and, 1040, 1042 
anthropometric measures, 1379-1380, 1389 


Campylobacter enteritis and, 1009 

cholera and, 1034, 1036, 1037 

complex emergencies and, 1324-1325, 1326 

Cyclospora species infections and, 1048 

dengue virus infections, 819, 820-821 

diphtheria and, 1237 

disasters and, 1281, 1324-1325, 1326 

enterohemorrhagic Escherichia coli and, 1005 

enterotoxigenic Escherichia coli and, 1002, 1003, 1004 

equine encephalitides and, 848 

feeding programs, 1386, 1389 

fluoroquinolones and, 1020 

giardiasis and, 1043, 1044 

Japanese encephalitis and, 840, 841 

malaria and, 808, 809 

malnutrition and, 1324-1325, 1377, 1380-1382 
measles and, 1215, 1216-1217 
meningococcal disease and, 1131, 1137 
mumps and, 1220, 1221, 1222 
nontyphoidal salmonellosis and, 1024 
nutritional assessment, 1379-1380 
pertussis and, 1227, 1228, 1229 
polio and, 1237, 1238, 1240 

psychological effects of predeployment, deployment, and 
reunion of family members, 1412, 1418, 1419 
rotaviruses and, 1013-1014 
rubella and, 1218-1219 
shigellosis and, 1027-1028 
South American hemorrhagic fevers and, 960 
tetanus and, 1232 
tick-borne encephalitis and, 856 
toxoplasmosis and, 947, 950-951 
tuberculosis and, 1141, 1145-1146 
tularemia and, 974 
typhoid fever and, 1019 
varicella and, 1224, 1226, 1227 
viral gastroenteritis and, 1011, 1012 
viral hepatitis and, 1177, 1179, 1184, 1185 
wasting and, 1324-1325, 1380 
West Nile fever and, 831 
yellow fever and, 835 
yellow fever vaccination and, 838 
Infection control and prevention during military deployment 
See also specific infections and diseases 
basic and expanded HIV postexposure prophylaxis 
regimens (table), 1255 
cadaver handling, 1265 

case definition for suspected Ebola hemorrhagic fever 
(exhibit), 1253 

case definition for suspected Lassa fever (exhibit), 1254 
challenges, 1251 

clinical syndromes or conditions warranting additional 
empiric precautions to prevent transmission of epide- 
miologically important pathogens pending confirmation 
of diagnosis (table), 1262 
disinfection and sterilization, 1256 
facility-acquired or nosocomial infections, 1252 
future research needs, 1265 

handling of linen, sharps, specimens, and terminal 
cleaning, 1264-1265 
infection control committee, 1252-1253 
isolation procedures, 1257-1264 
key elements of standard precautions (exhibit), 1258 
occupational health for health care workers, 1254-1255 
program elements, 1251-1252 
sanitary practices, 1255-1257 
surveillance, 1253-1254 

synopsis of types of precautions and patients requiring the 
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precautions (exhibit), 1260 
three levels of, 1255-1264 

types and duration of precautions needed for selected 
infections and conditions (table), 1261 
vector-borne disease containment, 1264 
Infection control committees 
educational focus, 1252-1253 
key functions, 1252 
Infectious diseases 

See also specific diseases 

prophylactic medication compliance and, 1414 
redeployment and, 1428 
Influenza 

mortality rate, 1128 
pandemics, 1428 
pathogen description, 1127-1128 
pathogenesis and clinical findings, 1128 
therapy and control, 1128 

Information, Motivation, and Behavioral Skills behavior 
model, 1155 
Information bias 
types, 772 

Information technologies 
disaster relief and, 1281 

Inpatient-level disease and nonbattle injury surveillance 
data sources, 716-717 
diseases requiring inpatient settings, 716 
feedback, 717, 719 

immediate reporting system, 716-717 
individual epidemiologic investigations, 717 
patterns of illness or injury, 717 
specialized public health laboratories, 717 
Insect repellents 

See also specific repellents 
uniforms, 868, 871-872, 875, 896 
Insects 

See also Diseases transmitted primarily by arthropod vectors 
Institute of Medicine 

Agent Orange exposure report, 1428 
Institutional Review Board 
interviews and, 745 

Investigational Device Exemption and, 792 
Interferon alpha 

Rift Valley fever treatment, 826 
viral hepatitis treatment, 1183 
Interferon gamma 

yellow fever treatment, 837 
International Air Transport Association 
Dangerous Goods Regulations, 796-797 
International Commission for the Certification of Poliomyeli¬ 
tis Eradication in the Americas, 1239 
International Committee of the Red Cross 
See also American Red Cross 
disaster planning, 1279 
food program, 1330 
founding, 1355 
funding sources, 1356 
mission, 1356 

prisoners of war and detainees and, 1331 
public health needs in complex emergencies guide, 1318 
relationship with the International Federation of Red 
Cross and Red Crescent Societies, 1355-1356 
relief workers killed, 1279 
size of, 1355 
staffing, 1356 
Swiss operation of, 1356 

war-wounded and their management during complex 
emergencies, 1326 


International humanitarian law, 1281, 1331, 1356 
International humanitarian response system 
civil affairs and, 1360 

coordination and cooperation among, 1359-1361 
donor-government aid agencies, 1359 
increase in complex emergencies and, 1353 
International Committee of the Red Cross, 1355-1356 
leadership issues, 1360 
military's capabilities and, 1360-1361 
private voluntary organizations, 1353-1355 
United Nations, 1357-1359 
International reference laboratories, 785, 787 
Interviewer bias, 772 
Interviews 

additional studies and analysis needs and, 748 
environmental evaluation of foodborne or waterborne 
outbreaks, 735 

Institutional Review Board and, 745 
questionnaires for risk factor interviews, 742-745 
Intestinal flukes 
See Trematodes 

Investigational Device Exemption, 791-792 
Investigative teams 

areas of responsibility, 730 
composition, 728 

logistical plans and management, 728-730 
IPV 

See Inactivated polio vaccine 
IRR 

See Incidence rate ratio 
Isolation of patients 
See also Quarantine 
CDC recommendations, 1257-1263 
high-containment isolation, 1263 
movement and transportation of patients and, 1264 
patient placement, 1263 
personal protection measures, 1263-1264 
standard precautions, 1258-1259 
transmission-based precautions, 1259-1263 
tuberculosis and, 1143 
Isoniazid 

contraindications, 1144-1145 
side effects, 1143 

tuberculosis treatment, 1143, 1144 
Isoprinosine 

rabies treatment, 966 
Isospora belli infections, 1049 
Israel 

West Nile fever and, 830 
Itraconazole 

coccidioidomycosis treatment, 1072-1073 
histoplasmosis treatment, 1077 
Ivermectin 

bancroftian filariasis treatment, 885, 886 
helminth infection treatment, 1059 
Mazotti-type reaction, 888 
onchocerciasis treatment, 888 

J 

Japan 

biological warfare experiments with plague, 879 
sarin attack on the Tokyo subway system, 742, 1274, 1345 
Japanese encephalitis 

asymptomatic infection, 840-841 
diagnostic approaches, 841 
differential diagnosis (table), 842 
epidemiology, 840 
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geographic distribution and incidence, 840 
indications for vaccination, 843-844 
military history, 839 
nonspecific symptom presentation, 717 
pathogen description, 839-840 
pathogenesis and clinical findings, 840-841 
prevention and control, 842-843 
therapy, 841-842 
transmission, 840, 843 
vaccine, 839, 843-844 
Jarisch-Herxheimer reaction 
leptospirosis and, 942 
Lyme disease and, 865 
Jaundice 

See Viral hepatitis 

JE 

See Japanese encephalitis 
Judgmental sampling, 762 
Jungle Operations Training Center, Panama 
leishmaniases and, 891-892 
leptospirosis and, 939, 940, 942 
toxoplasmosis and, 951 
Junin virus, 960, 961 
Justinian plague, 878 

K 

Kahn, H.A., 759, 774 
Kala-azar 

See Leishmaniases 
Kanamycin 

melioidosis treatment, 1081 
Katayama fever 

See Schistosomiasis 
Ketoconazole 

histoplasmosis treatment, 1077 
Korean War 

hantaviruses and, 943 
malaria and, 808 

psychological aspects of deployment and reunion, 1397 
tuberculosis and, 1138 
viral hepatitis and, 1175 
Koshes, R.J., 1417 
Kurdish crisis 

relief efforts, 1276, 1282, 1321, 1359 
Kurdistan 

PVO relief efforts, 1353 
Kwashiorkor, 1380, 1384 
Kyasanur Forest disease, 852, 855 

L 

Laboratories 

See also Laboratory support for infectious disease investigations 
Army and Navy infectious disease research laboratories, 
785, 786 

inpatient-level disease and nonbattle injury surveillance 
and, 717 

international reference laboratories, 785, 787 
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study considerations, 785 
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mortality rate, 890 

pathogenesis and clinical findings, 894-895 
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side effects, 812 
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African sleeping sickness treatment, 901 
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military relevance, 1078 
pathogen description, 1078 
pathogenesis and clinical findings, 1080 
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pathogenesis and clinical findings, 1134-1135 

petechial rash, 1134-1135 
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technological disasters and, 1343 
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giardiasis treatment, 1044 
side effects, 1042, 1044 
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syphilis diagnosis, 1171 
Microscopic examination 
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See Dairy products 
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laboratory diagnosis of infection and, 788-789 
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Operation Joint Endeavor, Bosnia, 1402 
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anthrax, 975, 976, 977 
Campylobacter enteritis, 1010 
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complex emergencies, 1321, 1323-1324, 1326 

computation, 758-759 

crude mortality rate, 1323-1324 
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enterohemorrhagic Escherichia coli, 1005 

epidemic typhus fever, 874, 875 

filovirus hemorrhagic fevers, 961, 962 

hantaviruses, 945 

histoplasmosis, 1074 

influenza, 1128 

Japanese encephalitis, 841 

Lassa fever, 959 

leishmaniases, 890 

leptospirosis, 941-942 
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malnutrition and, 1377, 1382-1383 
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meningococcal disease, 1131, 1137 
mumps, 1222 
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plague, 878, 881, 883 

polio, 1238 

Q fever, 955-956 

rate adjustment, 759 

refugees, 1321, 1326 

schistosomiasis, 1065 

scrub typhus, 871 

spotted fever, 877 

tetanus, 1232 

tick-borne encephalitis, 850 
toxoplasmosis, 947 
tuberculosis, 1139-1140, 1146 
tularemia, 973 
typhoid fever, 1019 
varicella, 1224 

viral gastroenteritis, 1012, 1013 
viral hepatitis, 1180 
Mosquito-borne diseases 

See Diseases transmitted primarily by arthropod vectors; 
Diseases transmitted primarily from animals to humans 
MREs 

See Meals Ready to Eat 
MUAC 
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Mucopurulent cervicitis, 1166 
Mucosal leishmaniasis 
See Leishmaniases 
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See Equine encephalitides 
Multistage sampling, 765 
Multivariate analysis 

confounding bias and, 775 
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complications, 1220, 1222 
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diagnostic approaches, 1222 
epidemiology, 1221-1222 
geographic distribution, 1221 
incidence, 1221-1222 
military relevance, 1220-1221 
mortality rate, 1222 
pathogen description, 1221 
pathogenesis and clinical findings, 1222 
transmission, 1221 
vaccine, 1222-1223 
Murine typhus fever 
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diagnostic approaches, 873-874 
epidemiology, 873 
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pathogenesis and clinical findings, 873 
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Mycoplasma pneumoniae infections 
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pathogenesis and clinical findings, 1125 
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technological disasters and, 1341 
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consequence management role, 1368 
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polio and, 1241 
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Natural disasters 

Civil-Military Operations Centers, 1292 
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environmental health assessment, 1302-1303 
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food assistance for emergency situations and, 1384 
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human and socioeconomic factors, 1301-1302 
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Humanitarian Assistance Survey Teams, 1292 

incidence and impact, 1273 
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landslides, 1294 
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types, 1292-1294 
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relief operations (table), 1305 
volcanic eruptions, 1294 
waste water disposal, 1305 
water supply and disinfection, 1303-1304 
windstorms, 1292 
NDMS 

See National Disaster Medical System 
Negative pressure rooms, 1259, 1263 
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transmission, 1053-1054 
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measles and, 1216 
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dengue virus infections, 815, 816 
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See Nongonococcal urethritis 
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Chagas' disease treatment, 898 
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Nongonococcal urethritis, 1165-1166 
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Nontreponemal tests 
syphilis, 1169, 1171 
Nontyphoidal salmonellosis 
control, 1025 
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diagnostic approaches, 1024 
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North America 
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rabies and, 965 
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Federal Radiological Emergency Response Plan and, 1369 
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dengue virus infections and, 821 
description, 789-790 
Nutrition Guidelines, 1386 
Nutritional assessment 

anthropometric measures on children, 1379-1380, 1389 

background data, 1379 
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crude mortality rates, 1382-1383 
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data and problem analysis, 1383-1384 
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1390 
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mortality and nutritional status, 1377 
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objective of nutritional support, 1377 
vulnerable populations, 1377 
Nutritional surveys 

complex emergencies and, 1324-1326 
mid-upper arm circumference measurement, 1324 
wasting and, 1324-1325 

o 

Observational studies, 766, 779 
Occupational Safety and Health Act 
universal precautions, 793 
Occupational Safety and Health Administration 
tuberculosis guidelines, 1146 
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See Office for the Coordination of Humanitarian Affairs 
Ocular Rift Valley fever, 826 
Oculoglandular tularemia, 973 
Odds ratio 


case-control studies, 740, 767-769 
confidence interval and, 777-778 
hypothesis testing and, 775, 776 
Mantel-Haenszel summary odds ratio, 775 
Office for the Coordination of Humanitarian Affairs 
responsibilities, 1357 
UN reforms creating, 1358 
Office of Foreign Disaster Assistance 
responsibilities, 1321, 1359 
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Science and Technology Center, 1346 
Omsk hemorrhagic fever, 852, 855 
Onchocerciasis, 887-888 
Onsite mass feeding programs, 1386 
O'nyong-nyong 

diagnostic approaches, 828 
epidemiology, 827 
pathogen description, 827 
pathogenesis and clinical findings, 828 
supportive therapy, 828 
Operation Bright Star, Egypt 
shigellosis and, 1026 
Operation Cobra Gold, Thailand 

sexually transmitted diseases and, 1147 
Operation Continue Hope, Somalia 
psychological stressors, 1400-1401 
Operation Desert Shield. See Persian Gulf War 
Operation Desert Storm. See Persian Gulf War 
Operation Joint Endeavor, Bosnia 

prevalence of rash-associated illness, 757 
psychological stressors, 1401-1402 
surveillance research, 1412-1413 
Operation Restore Democracy and Operation Uphold 
Democracy, Haiti 
dengue virus infections, 817-818 
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sexually transmitted diseases and, 1147 
water supplies and, 1303 
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International Committee of the Red Cross relief efforts, 1356 
malaria and, 805-806 
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spotted fever and, 876 
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relief efforts, 1321 
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sexually transmitted diseases and, 1147 
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See Oral polio vaccine 
OR 

See Odds ratio 

Oral polio vaccine, 1238, 1240-1241 
Oral rehydration solution 

viral gastroenteritis, 1016-1017 
Oral rehydration therapy 
cholera, 1034-1035 
diarrhea treatment, 1328 

guidelines for clinical evaluation of dehydration and 
recommendations for rehydration and maintenance fluid 
therapy (table), 1035 
nontyphoidal salmonellosis, 1024 
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Oropharyngeal tularemia, 973 
Oropouche fever 

clinical findings, 824-825 
diagnosis, 825 
epidemiology, 824 
incidence, 823-824 
incubation period, 824 
pathogen, 824 
supportive treatment, 825 
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See Oral rehydration solution 
Outbreak investigation 
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attack rates, 731, 740, 746-747 
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case definitions, 726, 748 

case finding efforts, 726-727 

CDC guidelines, 736-739 

challenges, 750 

chi-square measures of risk, 740, 747 
comparison of results to published literature, 749 
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729, 734 

cooperative relationships among government agencies and, 
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disease control measure identification, 730-731 

environmental evaluation, 734-735 

epidemic curves or flow charts, 731-733 
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final report, 749 

Fisher's Exact Test, 740, 747 

frequency measures and severity assessment, 735-740 
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hypothesis testing, 746-749 

local administrative support, 730 

Mantel-Haenszel formula, 747 

medical treatment resources, 746 

methodology summary, 725 

molecular biology techniques and, 727, 728, 748, 749 
multidisciplinary investigative team organization, 728-730 
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odds ratios, 740 
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person orientation, 731 
place orientation, 733-735 
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tion, 733, 734 
practice patterns and, 727 
pseudoepidemics, 727 

recommendation effectiveness evaluation, 749 
risk factor and mechanism identification, 735-740 
stratified analysis, 747 
supplies needed, 728-729 
survey instruments, 742-745 

tentative hypotheses and plan development, 740-746 

terrorism or sabotage and, 741-742, 745 

time orientation, 731-733 

transmission mechanism, 740-742 

transmission patterns, 731-735 

travel arrangements for teams, 728 

type of outbreak determination, 740 

verifying the diagnosis or defining the problem, 726-727 
verifying the existence of an epidemic, 727 


Outpatient-level disease and nonbattle injury surveillance 
centralized analysis of force-wide data, 715 
data organization, 711-712 
feedback, 715-716 
"flag" conditions, 715 
rate calculation, 712 
surveillance categories, 712, 713 
unexplained fevers, 712 
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dengue virus infections, 817 

diarrhea outbreak surveillance example, 719-721 
enterotoxigenic Escherichia coli and, 1001, 1002 
"finish line fever," 1407 
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prisoner of war management, 1331 
psychological stressors, 1400, 1406, 1407, 1411 
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pathogenesis and clinical findings, 1229 
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Lyme disease diagnosis, 864 
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yellow fever vaccination and, 838 
Presidential Advisory Committee on Gulf War Veterans 
Illnesses, 1436 

Prevalence rate computation, 757 
Prevalence surveys 
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specimen shipping regulations, 796 
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side effects, 1143 

tuberculosis treatment, 1143, 1144 
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tuberculosis treatment, 1145 
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toxoplasmosis treatment, 952 
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pathogenesis and clinical findings, 954-956 
therapy and control, 956 
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meningococcal disease treatment, 1135 
shigellosis treatment, 1029 
tularemia treatment, 974 
Quota sampling, 762-763 

R 

Rabies 

algorithm for human rabies postexposure prophylaxis 
(figure), 969 

animal measures, 967-968 
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postdeployment surveillance, 1432 
purposes of, 1430 
setting priorities, 1435-1436 
Reed, Maj. Walter 

yellow fever and, 832-833 
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Respiratory diseases 

See also Respiratory pathogens 
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characteristics of infectious agents to consider during 
military epidemics (table), 1131 
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genital warts, 1173 

geographic distribution, 1150 

gonococcal pharyngitis, 1163 

gonorrhea, 1159-1163 
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Q fever and, 953 
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schistosomiasis and, 1063 
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dengue virus infections and, 814-815 
respiratory pathogens and, 1119 
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double bagging and, 1265 
fecal specimen collection methods (table), 793 
food and other material specimen collection methods 
(table), 794 
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of biological specimens (table), 795 
importance of, 792-793 

inappropriate specimen collection impact on diagnosis, 792 
labeling, 794-795 

opening specimen containers, 793-794 
practical issues, 793-795 

respiratory tract specimen collection methods (table), 793 
specimens for culture, 795-796 
specimens for microscopic examination, 795 
swab collection, 795-796 
universal precautions, 793 
water sample collection methods (table), 794 
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containers, 797 
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labeling, 797-799 
overseas, 796-797 
regulatory issues, 796-797 
temperature, 797 
time factor, 796 
volume limitations, 797 
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gonorrhea treatment, 1159 
Spermicides 

sexually transmitted diseases and, 1158 
Spondylitis 

brucellosis and, 981, 982 
Spotted fever 

description, 876 
diagnostic approaches, 877 
epidemiology, 876-877 
geographic distribution, 876 
incidence, 876-877 
meningococcal disease and, 1135 
military relevance, 876 
mortality rate, 877 
pathogen description, 876 
pathogenesis and clinical findings, 877 
therapy, prevention, and control, 877-878 
transmission, 876 
Spousal abuse, 1406 
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psychological effects of predeployment, deployment, and 
reunion of family members, 1410-1412, 1418, 1419 
support groups, 1411, 1419 
Stafford Act 

See Robert T. Stafford Disaster Relief and Emergency 
Assistance Act 
Stamm, W.E., 1160-1161 
Standard deviation 

calculation example, 761 
continuous variables, 760 
sampling and, 765-766 
Standard precautions, 1258-1259, 1264 
Staphylococcus aureus 

outbreak investigation, 735 
Statistical associations 

cause-and-effect relationships, 779-780 
STDs 

See Sexually transmitted diseases 
Steady state incidence rates, 758 
Steere, A.C., 863 


Sterile technique, 1256 
Stoll, N.R., 1050 
Stratified analysis 

confounding bias and, 774 
Stratified sampling, 765 
Streptocerciasis, 889 
Streptococcal infections 
See also specific infections 
penicillin treatment, 730 
Streptococcal toxic shock syndrome, 1130 
Streptococcus pneumoniae infections, 1123-1124 
Streptococcus pyogenes infections 
description, 1119 
diagnostic approaches, 1121 
epidemiology, 1121 
pathogen description, 1121 
pathogenesis and clinical findings, 1121 
therapy and control, 1122-1123 
Streptomycin 

brucellosis treatment, 982 
plague treatment, 882 
side effects, 1143 
tuberculosis treatment, 1143 
tularemia treatment, 974 

Stress Dimensions in Military Operations Other Than War, 1416 
Study designs 

case-control studies, 767-769 
case series, 766 
cohort studies, 769-771 
cross-sectional studies, 767 
descriptive studies, 766-767 
ecological studies, 766 
experimental studies, 766, 771-772, 779 
observational studies, 766, 779 
randomized clinical trials, 766, 771-772 
Substance abuse 

deployment and, 1407-1408 
Sulfadiazine 

Streptococcus pyogenes infection treatment, 1122 
toxoplasmosis treatment, 952 
Sulfonamides 

melioidosis treatment, 1081 
meningococcal disease treatment, 1136 
Streptococcus pyogenes infection treatment, 1122 
Supplemental feeding programs, 1329, 1386 
Suramin 

African sleeping sickness treatment, 900 
Surveillance 

See also Disease and nonbattle injury surveillance 
complex disasters and, 1322, 1323 
components of medical surveillance by the phase of 
deployment (table), 1435 
deployment and, 1408-1409 
disease and injury registries, 1343 
infection control and prevention and, 1253-1254 
natural disasters and, 1295-1297 
postdeployment, 1432 
technological disasters and, 1343 
Weekly Surveillance Reporting Form for Refugees or 
Displaced Persons in a Complex Humanitarian Emer¬ 
gency (figure), 1322 
Swartzwelder, C., 1050 
Swimmer's itch 

See Schistosomiasis 
Syphilis 

diagnostic approaches, 1169, 1171 
epidemiology, 1169 
pathogen description, 1168 
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treponemal tests, 1171 
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Tables 

data display method, 760 
Tafenoquine 

malaria treatment, 812, 813 
Tapeworms 
See Cestodes 

Targeted supplementary feeding programs, 1386 

Taussig, S., 857, 860 
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See Tick-borne encephalitis 
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accurate history of the event and, 1342 
adverse health effects associated with, 1339 
assessing clinical presentations and, 1342 
assessment units collocated at the Science and Technology 
Center, Atlanta, Georgia, during the 1996 Olympics 
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assessments of public health after, 1341-1343 
data analysis, 1343 
definition, 1339 

epidemiologic studies, 1344-1345 
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multidisciplinary approach, 1340 
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planning for in a civilian environment, 1340-1341 
preventive medicine responsibilities, 1346-1347 
public health mitigation procedures, 1341 
public health perspectives, 1337-1350 
risk factors, 1340 
surveillance, 1343 

terrorism and, 1339-1340, 1345-1346 
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provide assistance following technological disasters 
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fire prevention, 1307 
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access to highly destructive weapons, 1280 
disasters and, 1274, 1339-1340, 1372 
laser weapons and, 1280 
outbreaks and, 741-742, 745-746 
public health response to, 1345-1346 
Science and Technology Center establishment for the 1996 
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Terrorism Incident Annex to the Federal Response Plan, 1368 
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epidemiology, 1231-1232 
geographic distribution, 1231 
incidence, 1231-1232 
military relevance, 1230-1231 
mortality rate, 1232 
pathogen description, 1231 
pathogenesis and clinical findings, 1232 
summary guide to tetanus prophylaxis in routine wound 
management (table), 1233 
therapy, 1232-1233 
transmission, 1231 
vaccine, 1232, 1233-1234 
Tetanus immune globulin, 1233 
Tetracycline 

anthrax treatment, 978 
brucellosis treatment, 983 
cholera treatment, 1036, 1037 
ehrlichiosis treatment, 868 
gonorrhea treatment, 1159 
Lyme disease treatment, 864 
malaria treatment, 813 
melioidosis treatment, 1081 
murine typhus fever treatment, 873 
plague treatment, 882, 883, 884 
Q fever treatment, 956 
scrub typhus treatment, 871 
shigellosis treatment, 1029 
spotted fever treatment, 877-878 
tularemia treatment, 974 
Thailand 

sexually transmitted diseases and, 1147, 1157 
Therapeutic feeding programs, 1386 
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helminth infection treatment, 1059 
Thieler, M., 838 
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viral hepatitis and, 1175 
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See Diseases transmitted primarily by arthropod vectors; 
specific diseases 
Tick-borne encephalitis 

contaminated milk and milk products and, 850, 852 

diagnostic approaches, 855-856 

epidemiology, 850, 852-854 

Far Eastern subtype, 854 

geographic distribution, 853 

incidence, 854 

Kyasanur Forest disease, 852, 855 

louping ill virus, 852, 855 

military relevance, 850 

mortality rate, 850 

Omsk hemorrhagic fever, 852, 855 
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pathogen description, 850 

pathogenesis and clinical findings, 854-855 

personal protection and, 857 
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summary of clinically important tick-borne encephalitis 
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vaccines, 856-857 
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See also Diseases transmitted primarily by arthropod vectors; 
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amebiasis treatment, 1042 
giardiasis treatment, 1044 
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See Trimethoprim-sulfamethoxazole 
Toole, M.J., 1273-1274 
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See Windstorms 
Toroviruses, 1013 
Toxic shock syndrome 
case definition and, 726 
Toxoplasmosis 
control, 952-953 
diagnostic approaches, 951 
differential diagnoses, 953 
epidemiology, 949-950 
geographic distribution, 949 
incidence, 949-950 
major syndromes, 947-948 
military relevance, 947-948 
mortality rate, 947 
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pathogen description, 948-949 
pathogenesis and clinical findings, 950-951 
tachyzoites, 948 
therapy, 951-952 
tissue cysts, 948-949 
transmission, 949 
Transfusion malaria, 807, 808 
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droplet precautions, 1260-1262 
Traub, R., 872 
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Campylobacter enteritis and, 1009 
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enterotoxigenic Escherichia coli and, 1001, 1002, 1004 
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pathogen description, 1052, 1057-1058 
transmission, 1055 
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helminth infection treatment, 1059 
Trimethoprim-sulfamethoxazole 
cholera treatment, 1036, 1037 
Cyclospora species infection treatment, 1049 
enteroinvasive Escherichia coli treatment, 1006 
enterotoxigenic Escherichia coli treatment, 1004 
melioidosis treatment, 1081 
nontyphoidal salmonellosis treatment, 1024 
Q fever treatment, 956 
shigellosis treatment, 1029 
typhoid fever treatment, 1019-1020 
Trypanosomiasis 

African sleeping sickness, 899-901 
Chagas' disease, 897-899 
Tsetse flies 

See African sleeping sickness 
Tsunamis 

description and impact, 1294 
mortality rates, 1300-1301 
Tube agglutination test 

brucellosis diagnosis, 982 
Tuberculin tests, 1141-1142 
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awareness and, 1140-1141 
compliance issues, 1144 
contact investigations, 1145-1146 
control, 1144-1146 
cultures, 1141 

diagnostic approaches, 1140-1142 
displaced persons and, 1146 
drug resistance, 1140, 1142, 1146 
epidemiology, 1139-1140 
geographic distribution, 1139-1140 
incidence, 1140 

indications for preventive therapy for tuberculosis 
infection (table), 1141, 1142 
isolation of patients, 1143 
military relevance, 1138-1139 
mortality rate, 1139-1140, 1146 
pathogen description, 1139 
pathogenesis and clinical findings, 1140 
reporting cases, 1145 

respiratory protection equipment, 1259-1260 
screening, 1144 

shipboard outbreaks, 1139, 1144 
therapy, 1142-1144 
transmission, 1139 

transportation of patients, 1143-1144 
tuberculin test, 1141-1142 
vaccine, 1141, 1146 
Tularemia 

clinical forms, 973 
complications, 973 
control, 975 
description, 971 
diagnostic approaches, 974 
epidemiology, 971-973 
geographic distribution, 972 
incidence, 972-973 
military relevance, 971 
mortality rate, 973 
pathogen description, 971 
pathogenesis and clinical findings, 973 
plague and, 882 
therapy, 974-975 
transmission, 971-972 
vaccine, 975 
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See Japanese encephalitis 
Typhoid fever 
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complications, 1019 
control, 1020-1022 
diagnostic approaches, 1019 
epidemiology, 1018 
geographic distribution, 1018 
incidence, 1018 
military relevance, 1018 
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natural disasters and, 1298 
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pathogenesis and clinical findings, 1018-1019 
therapy, 1019-1020 
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Typhoidal tularemia, 973 
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epidemic typhus fever, 874-876 
murine typhus, 872-874 
scrub typhus, 868-872 
spotted fever, 876-878 
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Ulceroglandular tularemia, 973 
Uniformed Code of Military Justice, 1331 
United Nations 

constraints on reform, 1358-1359 
humanitarian relief operations, 1357-1358 
organizational structure, 1357 

organizations or programs that may provide assistance 
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responsibilities, 1357 
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aim of humanitarian assistance, 1276 
humanitarian rations and, 1387 
international law mandate, 1355 
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histoplasmosis and, 1074-1075 
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Q fever and, 953 
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rubella and, 1219 
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US Air Force 
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Medical Research Institute of Infectious Diseases, 958, 975, 
1263, 1346 

Peace Institute, 1318 
Plague Surveillance Program, 883 
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See also specific armed forces 
Uniformed Code of Military Justice, 1331 
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1359-1361 
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See Diseases controlled primarily by vaccination; Vaccines 
Vaccine-associated paralytic poliomyelitis, 1240 
Vaccines 

See also Diseases controlled primarily by vaccination 
adenovirus, 1129-1130 
allergic reactions, 839, 843, 844 
anthrax, 979 
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chikungunya, 827 
cholera, 1037-1038 

Crimean-Congo hemorrhagic fever, 963 
dengue virus infections, 816-817 
deployment and, 1414-1415 
epidemic typhus fever, 874, 876 
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pertussis, 1227-1228, 1230 

plague, 879, 880, 883 
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categorical, 759, 760 
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diagnostic approaches, 1225-1226 

epidemiology, 1223-1224 

geographic distribution, 1224 

incidence, 1224 

military relevance, 1223 

mortality rate, 1224 
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pathogenesis and clinical findings, 1224-1225 
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transmission, 1223-1224 
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See Equine encephalitides 
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See Venezuelan hemorrhagic fever 
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sis (table), 1015, 1016 
control, 1017-1018 
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pathogens description, 1176-1177 
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See World Health Organization 
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